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mellitus ("IDDM") or juvenile-onset diabetes. This disease is characterized by a

progressive loss of insulin secretory function by beta cells of the pancreas.
This characteristic is also shared by non-idiopathic, or "secondary”, diabetes
having its origins in pancreatic disease. Type | diabetes mellitus is associated
with the following clinical signs or symptoms: persistently elevated plasma
glucose concentration or hyperglycemia; polyuria; polydipsia and/or
hyperphagia; chronic microvascular complications such as retinopathy,
nephropathy and neuropathy; and macrovascular complications such as
hyperlipidemia and hypertension which can lead to blindness, end-stage renal

disease, limb amputation and myocardial infarction.

Type |l diabetes mellitus (non-insulin-dependent diabetes mellitus or
NIDDM) is a metabolic disorder involving the dysregulation of glucose
metabolism and impaired insulin sensitivity. Type |l diabetes mellitus usually

develops in adulthood and is associated with the body's inability to utilize or



devel ops in adulthood and is associated with the
body's inability to utilize ornmake sufficient insulin.
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bovine, porcine insulin). The use of heterologous species material gives rise to
formation of anti-insulin antibodies which have activity-limiting effects and result
in progressive requirements for larger doses in order to achieve desired

hypoglycemic effects.

Typical treatment of Type Il diabetes mellitus focuses on maintaining the
blood glucose level as near to normal as possible with lifestyle modification
relating to diet and exercise, and when necessary, the treatment with anti-
diabetic agents, insulin or a combination thereof. NIDDM that cannot be

controlled by dietary management is treated with oral antidiabetic agents.
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One recent development in treating hyperglycemia is focused on
excretion of excessive glucose directly into urine. Specific inhibitors of SGLTs
have been shown to increase the excretion of glucose in urine and lower blood

glucose levels in rodent models of IDDM and NIDDM.
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An embodiment of the invention is a method for treating diabetes or
Syndrome X, or associated symptoms or complications thereof in a subject,
said method comprising administering to said subject a jointly effective amount

ofa glucose reabsorption inhibitor and administering to said subject a jointly
effective amount of at least one antidiabetic agent, said combined

administration providing the desired therapeutic effect.

Another embodiment of the invention is a method for inhibiting the onset
of diabetes or Syndrome X, or associated symptoms or complications thereof in
a subject, said method comprising administering to said subject a jointly

effective dose of a glucose reabsorption inhibitor and administering to said
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According to one aspect, the invention features the
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US Patent NO. 6,153,632 to R. Rieveley discloses a method and
composition stated to be for the treatment of diabetes mellitus (Type |, Impaired
Glucose Tolerance ["IGT"] and Type Il), which incorporates a therapeutic
amount of one or more insulin sensitizers along with one or more of an orally
ingested insulin, an injected insulin, a sulfonylurea, a biguanide or an alpha-

glucosidase inhibitor for the treatment of diabetes mellitus.

According to one aspect, the invention features the combination of a
PPAR modulator, preferably a PPAR § agonist, and an SGLT inhibitor,
preferably an SGLT 2 inhibitor or a selective SGLT 2 inhibitor.



"Aryl" is a carbocyclic aromatic radical including,
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substituent group, means an organic radical having a carbonyl group inked to
hydrocarby! group having 1 to 7 carbon atoms (branched or straight chain or
cyclic) derived from an organic acid by removal of the hydroxyl group. For
example C4 acyl can include (CO)CH2CH>CH>CHs and (CO)CHz (CH) (CH3)2 ;
similarly, Cg acyl includes both (CO)(CeH13) and (CO)(CeHs). The term “Ac” as
used herein, whether used alone or as part of a substituent group, means

acetyl.

“Aryl” is a carbocyclic aromatic radical including, but not limited to,
phenyl, 1- or 2- naphthyl and the like. The carbocyclic aromatic radical may be
substituted by independent replacement of 1 to 3 of the hydrogen atoms

thereon with halogen, OH, CN, mercapto, nitro, amino, cyano, optionally



the heteroaryl group is substituted, the heteroaryl
group may have one to three substituents which are
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heterocyclic group may be attached at any heteroatom

or carhgiedh CReteFHRTP aeseatEEMalebreditite aatattlk five or six-
groups include pyrrolidinyl; oxetanyl; pyrazoli
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ey rexamyl) pyridzizirtydmyrimidiniyl, thiophenyinturamd, inidazolyl, isoxazolyl,
%)igz Ibﬁ&){/rabzio‘f%,cgni/r(r:olyl, thiazolyl, thiadiazolyl, triazolyl, benzimidazolyl,
benzofuranyl, benzothienyl, benzisoxazolyl, benzoxazolyl, benzopyrazolyl,
indolyl, benzothiazolyl, benzothiadiazolyl, benzotriazolyl or quinolinyl. Prefered
heteroaryl groups include pyridinyl, thiophenyl, furanyl, and quinolinyl. When
the heteroaryl group is substituted, the heteroaryl group may have one to three
substituents which are independently selected from halogen, OH, CN,
mercapto, nitro, amino, cyano, optionally substituted C4-Cg-alkyl, optionally
substituted alkoxy, alkylthio, alkylsulfinyl, alkyisulfonyl, alkyl-amino, di(C+-Cs-
alkyl)amino, formyl, carboxyl, alkoxycarbonyl, alkoxycarbonyloxy, alkanoyloxy,
phenyl, carbamoyl, carboxamide, di-lower alkylcarbamoyloxy,
phenoxycarbonyloxy group, lower alkylenedioxy, benzoyloxy, alkyl-CO-O-,

alkyl-O-CO-, -CONH,, alkyl-O-CO-O-, or alkyl-CO-NH-.



heterocyclic groups (or heterobicyclyls) include

qui nuclidinyl; tetrahydroisoquinolinyl;
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respectively, i ncI ude: The term "conposition” is
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specified ingredients in the specified anp
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R 0 5yt tcs, gt
rredrdioxblamee dicxangt, tieianyl; dhiiranyl; and the like. Exemplary bicyclic
heterocyclic groups (or heterobicyclyls) include quinuclidinyl;
tetrahydroisoquinolinyl; dihydroisoindolyl; dihydroquinazolinyl (such as 44-
dihydro-4-oxo-quinazolinyl); dihydrobenzofuryl; dihydrobenzothienyl,
dihydrobenzothiopyrany!; dihydrobenzothiopyranyl sulfone;
dihydrobenzopyranyl; indolinyl; isochromanyl; isoindolinyl; benzimidazolyl,
benzthiazolyl; piperonyl; tetrahydroquinolinyl; and the like. When the heteroaryl
group is substituted, the heterocyclyl may be independently substituted with
one to five, preferably one to three groups selected from halogen, OH, CN,
mercapto, nitro, amino, cyano, optionally substituted C,-Cg-alkyl, optionally
substituted alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl, alkyl-amino, di(C+-Ce-
alkyl)amino, formyl, carboxyl, alkoxycarbonyl, alkoxycarbonyloxy, alkanoyloxy,

phenyl, carbamoyl, carboxamide, di-lower alkylcarbamoyloxy,



The term "subject” as used herein, refers to an

animal, preferably a mammal, nost preferably a human,
wob@sios22the obj ect of treatnent, observati on OPCT/US2004/024673

experinment. The term "RXR rtbdul ator” as used herein,

refers to Retinoid-X receptor agonists, parti al
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increases insulin sensitivity. ccgrdgpp to one

allse@1C Ot, hE QY 1adO-CO-2h RE@NlgsR-NE™ Di abet es,

Syndronme X, and associ ated synptons or conplications

i ncl ude such conditions as I1DDM N DDM | GI, |FG )

obesi Tie taraptriayttiholudesiadetetopryl liskedhtpatpimgnyl, a phenyl linked

at herosclerosi s, polycystic oyarian ss;//ndr

oy BetesnabiFuchsHBiARkene: Piine 2k} PYiaraleand a phenyllinked
4 bhaklie [ -pHel/|, He¥&baRphangl, haterbagi-phenyl,
f@x%h‘h?@%" 0 \gﬁ%ﬁggfgggﬁ|cprigtﬁg|t'e i ncl %Lgs |g;r and ?I?Gé Y
Ard bhdaylavetelaanyinraspettinelprinciide: det er mi ni ng ef fective
doses for therapeutic and prophyl actic, purposes f
1 s or the

egtive ano 6, used hergyn, neans
that &nount .of “each®active conpound or pharnmaceuti cal
agent, alone or in conbination, that elicits the
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times; and 2) the two or more agents are administered to a subject at different

times, at independent intervals which may or may not overlap or coincide.

The term “subject” as used herein, refers to an animal, preferably a
mammal, most preferably a human, who is the object of treatment, observation

or experiment.

The term “RXR modulator” as used herein, refers to Retinoid-X receptor
agonists, partial agonists, or antagonists. Preferably the modulator increases

insulin sensitivity. According to one aspect, the modulator is an RXR agonist.

Diabetes, Syndrome X, and associated symptoms or complications
include such conditions as IDDM, NIDDM, IGT, IFG, obesity, nephropathy,



medi ated by the nodul ation of gl ucose reabsorption

activity or other antidiabetic agent activity or both.
wabws/o122 present invention provides conbi nat PONESN4/024673

two or nmore drugs wherein, 12or exanple, (a) each drug

Is adm nistered in an i ndependently therapeutically or
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mediated by the modulation of glucose reabsorption activity or other
antidiabetic agent activity or both. Thus, the present invention provides
combinations of two or more drugs wherein, for example, (a) each drug'is
administered in an independently therapeutically or prophylactically effective
amount; (b) at least one drug in the combination is administered in an amount
that is sub-therapeutic or sub-prophylactic if administered alone, but is
therapeutic or prophylactic when administered in combination with the second
or additional drugs according to the invention; or (c) both drugs are
administered in an amount that is sub-therapeutic or sub-prophylactic if
administered alone, but are therapeutic or prophylactic when administered

together.



Substituted Methyl Ethers Exanples of substituted
nmet hyl ethers include nethyoxynet hyl,
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(phenyl di net hyl sil yl) met hodgmet hyl , benzyl oxynet hyl ,
p- met hoxybenzyl oxymet hyl, (4-nmethoxyphenoxy)methyl,
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ggnethoxyphenyl 4- dinitrophenyl, benzyl, and

loyet hyl enegl ycol ethers. Substituted Benzyl Ethers
Exanpl es of substituted benzyl ethers include
p- met hoxybenzyl, 3, 4- di nmet hoxybenzyl, o-nitrobenzyl,
p- ni t Pebieatigh forrihbddydhmytgtqupﬂnGthesInmeﬁthwlt@hzga substituted methyl

SitiarorHbeal e oMl SReSse: Sbottita gy iRty SR Syt ethers.

p' - di ni trobenzhydryl, 5-di benzosuberyl,
tri phenyl methyl, a- napht hyl di phenyl net hyl ,
Substihdey peghyl| fherseny | met hyl ., di f pmet hoxyphenyl)

o ks o LG AFENBL SR ¢ metfmetn,
Indinyfhiokdeitisfl 4-Butyithiomethyl, (phenyldimethyisilyl)methoxymethyl,
benzyloxymethyl, p-methoxybenzyloxymethyl, (4-methoxyphenoxy)methyl, , t-
butoxymethyli, 4-pentenyloxymethyl, siloxymethyl, 2-methoxyethoxymethyl,
2.2 2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2-
(trimethylsilyl)ethoxymethyl, tetrahydropyranyl, 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl, 1-methoxycyclohexyi, 4-methoxytetrahydropyranyl, 4-
methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S-dioxido, 1-
[(2-chloro-4-methyl)phenyl]-4-methoxypiperidin-4-yl, 1,4-dioxan-2-yl,
tetrahydrofuranyl, tetrahydrothiofuranyl and 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-

trimethyl-4,7-methanobenzofuran-2-yl.



di chl or opht hal i m dophenyl ) et hyl ,
4,4 4" -tris(levulinoyl oxyphenyl) net hyl,
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ers,” a hydroxyl group may be
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9-(9-phenyl)xanthenyl, 9-(9-phenyl-10-oxo)anthryl, 1,3-benzodithiolan-2-yl, and
benzisothiazolyl S,S-dioxido.

Silyl Ethers /

Examples of silyl ethers include trimethyisilyl, triethylsilyl, triisopropylsilyl,
dimethylisopropylsilyl, diethylisopropylsilyl, dimethylthexylsilyl, -
butyldimethyléilyl, t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl, and t-butylmethoxyphenylsilyl.

Esters

In addition to ethers, a hydroxyl group may be protected as an ester.
Examples of esters include formate, benzoylformate, acetate, chloroacetate,
dichloroacetate, trichloroacetate, trifluoroacetate, méthoxyacetate,

triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, p-P-



Assi sted C eavage Exanpl es of assisted cl eavage
i ncl ude 2-iodobenzoate, 4-azi dobutyrate,
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farmsenzengpdifrnate, 2- (methylthlometnoxy)nﬁ%yl calgbonate 4-
(methylthiomethoxy)butyrate, and 2-(methylthiomethoxymethyl)benzoate.

Miscellaneous Esters

Examples of miscellaneous esters include 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro-4-(1,1,3,3-
tetramethylbutyl)phenoxyacetate, 2,4-bis(1,1-dimethylpropyl)phenoxyacetate,
chlorodiphenylacetate, isobutyrate, monosuccinoate, (E)-2-methyl-2-
butenoate(tigloate), o-(methoxycarbonyl)benzoate, p-P-benzoate, o-
naphthoate, nitrate, alkyl N,N,N’,N’-tetramethylphosphorodiamidate, N-
phenylcarbamate, borate, dimethylphosphinothioyl, and 2,4~

dinitrophenylsulfenate

Sulfonates
Examples of sulfonates include sulfate, methanesulfonate(mesylate),

benzylsulfonate, and tosylate.
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derivative, a-(N, N-di methyllam no)benzyli dene

derivative, and 2-oxacycl opentylidene. Silyl

Derivatives Exanples of silyl derivatives include di-
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(1,1, 3, 3-tetrarsopropyt drstoxanyli dene) derivative.
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Silyl Derivatives
Examples of silyl derivatives include di- t-butylsilylene group, and 1,3-
(1,1,3,3-tetraisopropyldisiloxanylidene) derivative.

Glucose Reabsorption Inhibitors

One method of treating hyperglycemia is to excrete excessive glucose
directly into urine so that the blood glucose concentration is normalized./ For
example, sodium-glucose cotransporters (SGLTs), primarily found in chorionic
membrane of the intestine and the kidney, are a family of proteins actively
involved in the normal process of glucose absorption. Among them, SGLT1 is
present in intestinal and renal epithelial cells (Lee et al., 1994), whereas SGLT2
is found in the epithelium of the kidney (You et al., 1995, MacKenzie et al.,
1994). Glucose absorption in the intestine is primarily mediated by SGLT1, a
high-affinity low-capacity transporter with a Na™:glucose transport ratio of 2:1.
SGLT2, also known as SAAT1, transports Na* and glucose at a ratio of 1:1 and
functions as a low-affinity high-capacity transporter. These SGLTs are

characterized in Table 1:



Kidney (S1, S3) . 2:1 D-galactose 0.39 7.9 0.3 SGT2
Kidney (S3) 1:1 D-glucose 1.64 83 6 (SAAT1) (mM for
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reabsorption of glucose isinediated by SGLT1 and SG.T2
(Silverman et al., 1992; Deetjen et al., 1995). Plasma
glucose is filtered in theTgbmerulus and is
transepithelially reabsorbed in the proxi nal tubules.
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facilitated glucose transports (GLUT1 and GLUT2). Therefore, inhibition of
SGLTs reduces plasma glucose through suppression of glucose reabsorption
in the kidney. A therapeutically or prophylactically effective amount of an SGLT
inhibitor, such as that sufficient to increase urine glucose excretion, or to
decrease plasma glucose, in a subject by a desired amount per day, can be
readily determined using methods established in the art. Recently, it has been
found that phlorizin, a natural glycoside present in barks and stems of
Rosaceae (e.g., apple, pear, etc.), inhibits Na*-glucose co-transporters located
in chorionic membrane of the intestine and the kidney. By inhibiting Na"-
glucose co-transporter activity, phlorizin inhibits the renal tubular glucose
reabsorption and promotes the excretion of glucose so that the glucose level in
a plasma is controlled at a normal level for a long time via subcutaneous daily

administration (Journal of Clinical Investigation, 1987, Vol. 79, p. 1510).

Other SGLT inhibitors include alkyl- and phenyl-glucosides, 1-5-

isoquinolinesulfonyl)-2-methylpiperazine-HClI (indirectly via protein kinase C), p-




adm nistration (Journal of Cinical Investigation,
1987, Vol. 79, p. 1510). Other SG.T inhibitors include
wa@bkdoglo122and phenyl - gl ucosi des, 1-5- PCT/US2004/024673
i soqui nol i nesul fonyl) - 2- metiByl pi per azi ne- HCl
(indirectly via protein kinase O,
ARBIPhETBFBERZdRETPEMB ) MN‘Bz)hcyclohexylcarbodumlde (DCCD)
N. N' - di cycl ohexy| car bodi i m de copper and
ceRpEr@nd Qﬂd&f:ﬂluﬁh@nﬁrﬁ%lré/iﬁeﬂté@fﬂthaﬂid%s B. COVPOUNDS
The invention features conpounds of Formula (111): N
QH (I'1'l) wherein: Xis CH N or CO R is Hor
absent; R2is H F, d, OCH 3, OCH 2CH3, C L. alkyl,
CF3, SCH 3, substituted or unsubstituted phenyl and
NR3R4; R3 and R4 are H, Ci _6 alkyl, or taken
together with the nitrogen atomto which they are both
attached forma 5-6 nenbered heterocyclic ring wi'th
optionally 1- 2 additional heteroatons independently
selected fromQ S, and N, Qis -(CH 2)- where nis 1
or 2; Pis H C2- acyl, or (Gi_6 al koxy)carbonyl;
and Z is substituted or unsubstltuted and i s sel ect ed
fromC 3.7 cycl oal kyl, phenyl, 5- or 6- nenbered
heteroaryl having 1 or 2 het er oat ons I ndependent |y
selected fromN, O and S, a biaryl, and a 9- or
10- nenbered fused bicyclyl or fused heterobicyclyl,
wherei n said fused heterobicyclyl has between 1 and
4het er oat ons i ndependently selected fromN, O and S
or a pharmaceutical acceptable salt, thereof.
Exanpl es of conmpounds of Fornula (111) include those
wherein: (a) R is Hor absent; (b) R'is H nethyl,
or ethyl; (c) Qis - (CH2)n- and nis 1; (d) Zis
i ndependently substituted with between 1 and 3
substituents independently



selected fromC 4 al koxy, phenoxy, C 1-4 alkyl, C 3.6

cycl oal kyl, hal o, hydroxy, cyano, amno, C 1.4
wa@bdogot2sn, C 1-4 al kyl sul fonyl, C 4 al kyl sul f PEUS2084/024673

1-4 am noal kyl, nono- and d?(C 1.4 al kyl)am no,

phenyl, Cl1.4 al kyl am nosul fonyl (SC2NHR),

B nocOMBE@UNDSOnyl ) (- NHSCRR-), Cl-4

di al kyl am nosul fi nyl (SONHRR), C 1-4 al kyl am do

(NHCOR), C 4 al kyl carbam do (CONHR), 5-6 nenbered

het er [yl .. ]l SWﬂl t er oat ons

i ndepgﬁ%ﬁh%nygﬁgéégﬁesg&?lﬁggr#ﬁ@@ an I%,mg'nd wher ei n
the substituent(s) on Z can be further independently
substituted with betweerRd and 3 substituents

i ndependently selected fro e\ 4 al koxy, C 1.4 al kyl,
hal o, hydroxy, cyano, am nog, no —dy C 1.4 alkyl
amino and C 1.4 al kylthi gr"™ e is 4-substituted
phenyl, 3,4- disubstitutgd phenyl, benzhydryl,
substituted or unsubstit)ited hi ophene, biaryl,

benzof uranyl, di hydrehenzo ’/éan, 4-substituted

¢

pyridyl, , benzo[b]th nyl,
benzot hi ophenyl , i ndeny -WWPaphthyl, or
2, 3-di hydrobenzo[ 1 F9] diokanyl; () Z is

“unsubstituted or substitu&e Wi thpet ween 1 and 2
substituents independenfty selféct ed®f r om net hoxy,
et hoxy, fluoro, chloro, nethyl& ethyl, propyl, butyl
and isopropyl; (g) Z is biphe N
4- (3-pyridyl)rjhenyl, 4-(2-1tl)enyl)phenyl), 4-(1
H i m dazol e-1-yl ) - phenyl, 4-(1 H pyrazol-1-yl)-phenyl,

Wwhepeigpy! ) phenyl ,  (4-ethyl)phenyl, (4-methoxyphenyl),
di hydr obenzof uran-5-yl, or dihydrobenzofuran-6-yl; (h)

HisiSHaRsgPE=OX is CH, and R2 is H nethyl, ethyl, or
r%éltshoxyf (1) Qis - (CH)n- ; nis 1or 2; and R2 is

g S e
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substituted or unsubstituted thiophene, biaryl,

wszbstiftiad phenyl RPN RMz of ur anyl , 4- substit ut ed

pyridyl, , benzo[b]thienyl, chromanyl, ) .
[Ryard Riy aphéeh D 15 alwle oy takandiegather withdheryjirogesy atom to which
2, 3-di hydr obenzo[

they are both attached form a 5-6 membered heterocyclic ring with optionally 1-

2 additional heteroatoms independently selected from O, S, and N;
Q is -(CH3),- where nis 1 or 2;
P is H, C .7 acyl, or (C1. alkoxy)carbonyl; and

7 is substituted or unsubstituted, and is selected from C 3.7 cycloalkyl,
phenyl, 5- or 6- membered heteroaryl having 1 or 2 heteroatoms independently
selected from N, O, and S, a biaryl, and a 9- or 10-membered fused bicyclyl or

fused heterobicyclyl, wherein said fused heterobicyclyl has between 1 and 4



1 ,4] dioxanyl; (1) Z is biphenyl,
4- (3-pyridyl)phenyl, 4-(2-thienyl)phenyl)
WQ 26060212 dazol e-1-yl ) - phenyl PCT/US2004/024673
4- (1H pyrazol -1-yl ) - phenyl 20(4-et hyl)phenyl, (4-
met hoxyphenyl ), di hydrobenzof uran-5-yl, or

HlitBxsdtsas iddpenaently ¥klectsttirdmi I8, Onand S, iot at garovaceuticall
substi t ut ed veé{h bﬁween 1 and 2 substltuentpsma d

aacepfabielsall. themsifect ed from met hoxy, ethoxy, fluoro,
chloro met hyl, ethyl, propyl, butyl and isopropyl; (
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dr o- benzoi m dazol - 2- one- L
Usmgtlmwbphmwsbwmﬁwl substltuted or un\é bstituted thiophene, biaryl,
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gh
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ﬂb@thyloethydiarfobymbytybam' 48@@93@1 @ @rtam@nd& Boayiphenyl,
]4-J25thés; ngsﬁ{}lsaﬁg@ &g EEY. -y?’)'_blpeﬁpy? - 1925 zct 1 R8Menyl,
%4@?0&%);%@? QhthyipHRePE YA m&Hokgstemivi) digdtobenzbiursih-5-yl,
or dihydrobenzofuran-6-yl; (h) R+ is absent, X is CH; and Rz is H, methyl, ethyl,
or methoxy ; (i) Q is =(CHz)r-; nis 1 or 2; and Rz is H, methyl, or ethyl;
(j)limitations of (i) and R is absent; (k) R1 is absent; Qis -(CH2)s-; nis 1 or 2;
and R, is H, methyl, or ethyl; and Z is 4-substituted phenyl, 3,4-disubstituted
phenyl, benzhydryl, substituted or unsubstituted thiophene, biaryl,
benzofuranyl, dihydrobenzofuranyl, 4-substituted pyridyl, , benzo[b]thienyl,
chromanyl, benzothiophenyl, indenyl, indanyl, naphthyl, or 2,3-dihydro-
benzo[1,4] dioxanyl; (1) Z is biphenyl, 4-(3-pyridyl)phenyl, 4-(2-thienyl)phenyl) ,



D- gl ucopyr anosi de;
2-[3-(4-Pyridin-3-yl-benzyl)-3H benzoi m dazol - 4-yl oxy]
W0 25024z opyr anosi de; PCT/US2004/024673
2-[3-(4-Pyrrol -1-yl -benzyl p13H benzoi m dazol - 4-yl oxy] -
b- Dgl ucopyr anosi de;
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2-{3-[2-(2, 3- D hydr o-benzofuran-5-yl)-ethyl]-6-
mgt hyl - 3H benzotri azol - 4-yl oxy} - b- D- gl ucopyr anosi d
2 {3- Eﬁamble%-diﬁmystrmbfmmﬂmrapeunds include those selected from 2-

{34 ﬁz&qet h%{ %’p benzofura -31 thyL} gH%eﬁzmm%a%oPﬁ? yPcX(y?Bcﬁ
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glmcopmnoérdyal artCE-[R(4Biay-genzyB-3RI-bepyoimidazal-dyyloxyli-D-
= CF3 #) R = pyridin-3-yl #E# R = pyrrol - 1-yl #F#

GMCHPH@E@ﬁ' #G# R = phenyl #H# HO\V V/OH OH R2 =

CH3 #L# #K# R2 = H #MtThe nore preferred conpounds of

the invention include those selected fro

2- [ 3- Adiditiongl empves)ofmfﬁér@ﬂo:qwmm&mcwgiWS%S@@@ﬁed
yr%%?%—[g-rzg-sétﬁﬁ-benzyI)-6-methyl-3H-benzolmldazol-4-yloxy]-B-D—
glucopyranoside; 2-{3-[2-(4-Methoxyphenyl)-ethyl]-3H-benzoimidazol-4-yloxy}-
B-D-glucopyranoside; 2-{3-[2-(4-Methoxyphenyl)-ethyl]-3H-benzotriazol-4-
yloxy}-B-D-glucopyranoside; 2-[3-(2-Naphthalen-2-yl-ethyl)-3H-benzoimidazol-
4-yloxy]-B-D-glucopyranoside and 2[3-(4-Ethyl-benzyl)-1 ,3-dihydro-

benzoimidazol-2-one-4-yloxy]-p-D-glucopyranoside.

Further examples of compounds of the invention include those selected
from 2-[3-(2-Naphthalen-2-yl-ethyl)-1 ,3-dihydro-benzoimidazol-2-one-4-yloxy]-
B-D-glucopyranoside and 2-[3-(2-(4-Methoxyphenyl)-ethyl)-1,3-dihydro-

benzoimidazol-2-one-4-yloxy]-B-D glucopyranoside .

Additional preferred compounds include those selected from 2-[3-(5-
Ethyl-thiOphen-2—yImethyl)-BH-benzoimidazol-4-yloxy]-B-D-glucopyranoside; 2-
{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-6-methyl-3H-benzoimidazol-4-y|oxy}-
B-D-glucopyranoside; 2-[3-(4-Thiophen-3-yl-benzyl)-3H-benzoimidazol-4-yloxy]-
B-D-glucopyranoside; 2-[3-(4-Pyrazol-1 -yl-benzyl)-3H-benzoimidazol-4-yloxy]-p-
D-glucopyranoside; 2-[3-(4-Pyridin-3-yl-benzyl)-3H-benzoimidazol-4-yloxy]-3-D-
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)-3H-benzoimidazol-4- 3{ony] B-D-

3H benzotri azo

glw&)pyranébugbungummmyl -benzyl)-3H-benzoimidazol-4- yloxy] B-D-

5- Et hyi-thl ophen- 2-y

) - 3H benzoi m dazol -

glho&WraDoS)dgt ada@pbﬁ@dﬁdﬂmethylyBH benzoimidazol- 4-yloxy) |3 -D-

a@%ae%%@&égs-n%?mﬂﬁy@e@

@-Q-én.(c% Ib%123[3 ubénzyl

- D- D-"gl ucopyr anosi de;

enz zoI xy

P,} ﬁ@{g ﬁt L Aoimfazol-4-yioxyl-

ucopyranosi de;
-trlfluoromethyl 3H-benzoimidazol-

Zw&wﬁ-Mmmpylamiv@elz&[a [2-(2,3-Dihydro- -benzofuran-5-y!)-ethyl]-6-

3H b dazol - 4.y !
et 3R BPEg -sy Bl

plyj/(r:é)r%/srlc?e %S{ dFZ (2,3-Dihydro-

Batienrifasibub- ST s bensStHERA Ao 81D-GuéoBbnoStdeant 2-(3-
§‘h§ r%h A2yl BQnQﬂWI-QFbBélﬁﬂftﬂéﬁﬂ By sk }-Bivglucopyrapioside:

zotriazol - 4-yl oxy}-D D-gl ucopyranosi de;
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R = thiophen-3-yl #C#
R =pyrazol-1-yl  #D#
R = pyridin-3-yl ~ #E#
R = pyrrol-1-yl #E#
R = imidazol-1-yl #G#

R = phenyl #H#
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R2 = OCH3 #I#
R2 = CF3 #I#
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OH

R, =CH; #L#
R2 =H #M#
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Conpounds of this invention where nis 1 or 2 and R1,
weR2005X12mzl Z are defined as in the Formula (II1PQT/U820006€24673

prepared as outlined in Schkénme 1. Conpounds of Formula

1 wherein R2 is H can be prepared through a Curtius

rearrangenent of commercially avail abl e

3- met hoxy- 2- ni t robenzoi ¢ aci df ol | owed by treat ment

with t-butanol at refluxing tenperatures as described

by Orjales et.al. [J.Med. Chem 1997, 40, 586] and

pal | adl um cat al yzed hydr genat n to reduce
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acettylbBid- tmndowmdagdn@b@xahﬁdDrgiecoméamdeoz [3- (\%Thlophen -3-yl-
be%%ﬁﬁﬁ%ﬁbbg%%mlégz@h ﬁoxy}]eﬁ'ﬂ BRicBpHRos et BY3RUSSFRAS -yi-
benzy!)-3H-benzoimidazol-4-yloxy]-0-D-glucopyranoside; 2-{3-[2~(2,3-Dihydro-
benzofuran-5-yl)-ethyl]-6-methyl-3H-benzoimidazol-4-yloxy}-0-D-
glucopyranoside; 2-{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-6-methyl-3H-
benzotriazol-4-yloxy}-0-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-benzofuran-5-
yl)-ethyl]-3H-benzotriazol-4-yloxy}-O-D-glucopyranoside and 2-[3-(4-Ethyl-
benzyl)-6-methyl-3H-benzotriazol-4-yloxy}-0-D-glucopyranoside.



hydrochloric or trifluoroacetic acid provides
conpounds of Fornula 4 wherein RR is H and Pi is
woredolpi224Al t er nati vel y, conmerci al |y avai | abl ePCT/US2004/024673
2-am no- 3-ni trophenol can B¢ acylated with substituted
acyl chlorides or carboxylic acids as descri bed above
Chen Syattietid MéthbddBDMSClI or MOMBr to gi ve conpounds
of Forrmula 3 wherein mis O or 1. The nitro group can
then be reduced using pall adi um catal yzed
hydr o ' J it R '
ot RO gt BPHE T Eifor et g Lot LRl AR (oRE (i These
dompotin®s caa HEBDNBe @ccding Wotrpditional syhtirdicrerganie methods or
wherein R2 are grou ot her .t han efined in the
ePEIRARBRNE ety thesis Tetedy @'@39@%‘89 sgfiemes and
[ L icfer hlidb8ek.2- am nophenol s
&ﬁgﬁﬁ%ﬁg%?hﬁﬂ?%g‘gge*ﬁgﬁﬁ%fﬁgggg%r carboxylic acids as
descri bed above followed by protection of the phenolic
E%grgg%l group with a nethyl or a pival oyl group using
€8l es known in the art. The starting substituted
phenol s that are not readily obtained from comercia
sources, can be prepared by starting with the
appropriately substituted phenols, protecting the
hydr oxyl group, then applying standard techni ques
known in the art (Ogawa, M et. al. EP 579204;
W ddowson, et. al. US 5780483) to interchange or
expand functionality at the R2 position to give
conpounds of Fornmula 5 wherein R2 is as defined in
Forrmula (I11). The compounds of Fornula 5 can be
converted to conmpounds of Fornula 6 by direct
nitration or by an initial brom nation step using
brom ne or Nbronosucci nam de (NBS) in solvents such as
carbon tetrachl oride or chloroformfoll owed by
nitration. Suitable reagents for nitration include
nitroniumtetrafl uoroborate which can be added to a
solution of the internediate in a sovent such as
acetonitrile at tenperatures between 0 0C and 20 OC or



ammoniumnitrite in the presence of trifluoroacetic
anhydride in a chlorinated sol vent.
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Compounds of this invention where nis 1 or 2 and R1, R2, X and Z are
defined as in the Formula (Ill) can be prepared as outlined in Scheme 1.
Compounds of Formula 1 wherein Rz is H can be prepared through a Curtius

rearrangement of commercially available 3-methoxy-2-nitrobenzoic acid



al coholic solvent such as methanol using mld basic
condi tions such as potassium carbonate or sodium
woreihoxizde at room t enperat ure. Conpounds of FRCTUBZ0L@24673
may be prepared by the addi26i on of m xed i m dazol yl
carbonates to a m xture of conpounds of Forrmula 11 and
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a conposition, orrru ation, or conbination nethod of
follewtdiytre(dciomef thegeseiting ianne déth Wansﬁetr@wdrofuran

qBpleScar T CS ARG Ty ARe 1P TRONARR sBéf R blgrbfuran
{ Jbé Steﬁ@e\\ﬁﬁmrémm Oﬁﬁﬁlﬁwmm@@swlmmula 2

formn Fortamet (netfarmn n]r}J
whefeam miis 1Dor A¢enmpoprdmel FenlaZngan b %i@ﬁﬂ@%@lﬁ%y y

\%sul I |Q?$@ed§la(@ﬁ§i§tf%bgﬁ&?(/\)ﬂﬂ%ui)g%md benzaldehydes in the

presence of acetic acid and sodium cyanoborohydride. Removal of the t-
butoxycarbonyl (BOC) protecting group in the presence of an acid such as
hydrochloric or trifluoroacetic acid provides compounds of Formula 4 wherein

R, is H, and P4 is methyl.

Alternatively, commercially available 2-amino-3-nitrophenol can be acylated
with substituted acyl chlorides or carboxylic acids as described above then
treated with TBDMSCI or MOMBF to give compounds of Formula 3 wherein m
is 0 or 1. The nitro group can then be reduced using palladium catalyzed
hydrogenation conditions followed by borane reduction of the amide to qrovide
compounds of Formula 4 wherein Rz is H, and Py is TBDMS or MOM.

Compounds of Formula 4 wherein Rz are groups other than H defined in the
Claims above, can be prepared by acylation of commercially available 5-
substituted 2-aminophenols with substituted acy! chiorides or carboxylic acids
as described above followed by protection of the phenolic hydroxyl group with a
methyl or a pivaloyl group using procedures known in the art. The starting
substituted phenols that are not readily obtained from commercial sources, can
be prepared by starting with the appropriately substituted phenols, protecting
the hydroxyl group, then applying standard techniques known in the art
(Ogawa, M. et. al. EP 579204; Widdowson, et. al. US 5780483) to inter-
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Secr et agogue repaglinide (f#ech) , Meglitinides (class)
nateglinide mtiglinide Al pha-glucosidase acarbose
L‘[Hr?\e?’fgl@!dr%’ ahBBGRAtioNalty dtGhe \R%gﬂdshmeto?ﬁ/@ toinpoends of Formula
a
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insulin aspart human insulin (Humulin R)

The compounds of Formula 5 can be converted to compounds of Formula 6 by
direct nitration or by an initial bromination step using bromine or N-
bromosuccinamide (NBS) in solvents such as carbon tetrachloride or
chloroform followed by nitration. Suitable reagents for nitration include
nitronium fetrafluoroborate which can be added to a solution of the intermediate
in a sovent such as acetonitrile at temperatures between 0 °C and 20 °C or
ammonium nitrite in the presence of trifluoroacetic anhydride in a chlorinated
solvent. Palladium-catalyzed hydrogenation in a polar solvent like methanol,
ethanol or 2-propanol can simultaneously reduce the nitro group and remove
the bromine of compounds of Formula 6. Amide reduction using borane
tetrahydrofuran complex as previously described can provide the diamine
compounds of Formula 4 where R; encompasses groups defined in the

Formula (l11).

Compounds of Formula 2 can be dissolved in DMF and heated in the presence
of a base such as potassium carbonate in a 130 °C oil bath for one to two
hours to directly provide compounds of Formula 7 where P4 is methyl.
Alternatively compounds of Formula 4 can be converted to compounds of
Formula 7, where P4 is TBDMS, MOM or Pivaloyl, by treatment with

triphosgene, urea or carbonyldiimidazole using known procedures.

Furthermore compounds of Formula 4 can be heated with triethylorthoformate
in the presence of a catalytic amount of p-toluenesulfonic acid at 120 °C for
three to four hours to give compounds of Formula 8 or treated with sodium

nitrite under acidic conditions at 0 °C to provide compounds of Formula 9.

Removal of the protecting groups P1 to provide compounds of Formula 10 can .
be accomplished using known methods described by Greene and Wuts
(Protecting Groups in Organic Chemistry, 3", Ed; Wiley Interscience).



human insulin (Novolin R human insulin (Novolin BR)
insulin, zinc suspension(Humulin L ) insulin NHP
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insulin NHP (Novolin N ) in8ulin, zinc suspension
(Humulin U ) human insulin, regular and NHP m x
(Humul i n 50/ 50) hurmn i nsulin, regular and NHP m x

i B PO S AL Py
1%;@ ﬁ?ﬁﬁ%@ ass;‘@%{%??\ﬂﬁh g);:’?s garmraF? e{a;lé i&dpLnsul i n

él@écb Sirah gy o i@l art agoropfiatet sﬁcdr/mtnsm:hrbs acetone, acetonitrile
grl I(D)%JFI ltjr?dzeornb%sllcsggrgc;lttlgnzsogﬁc ré%tpoo éésflgr%oc%?bor%qg Pﬂs‘u LPm
carbonate or lithium hydroxide, followed by deprotection of acetyl groups inan
alcoholic solvent such as methanol using mild basic conditions such as

potassium carbonate or sodium methoxide at room temperature.

Compounds of Formula 12 may be prepared by the addition of mixed imidazolyl
carbonates to a mixture of compounds of Formula 11 and a base such as NaH.
The mixed imidazolyl can be prepared by reacting equimolar amounts of an
alcohol with carbonyldiimidazole at 0° C and may be preferred over
nonsterically demanding reagents such as alkyl chloroformate to
regioselectively acylate the 6-OH group of the glucose (Bertolini, et.al. JOC
1998, 63, 6031).



rosiglitazone/ sulfonylurea ragaglitazar bal aglitazone

(NN-2344) R-483 rivoglitazone (CS-A1) FK- 614 SCD- DKY
wo e@aghizemzar T131 CLXO 921 LY-293111 (VM- 295pCTVBX000224673

AA10090 CDDO (TP-155C) DRF22189 PHT- 46 farglitazar

GW 7845 L-764406 NC-2100 PN 2022 (PN 2034) PPARa | pha/

gamma dual MK767/ MKO767 (KRP 297) agoni sts (nech)

muragl i tazar (BMS-298585) tesaglitazar
D. Additional Antidiabetic Agents

Antidiabetic agents that can be used according to the invention, as a
second, third, or subsequent antidiabetic agent, in a composition, formulation,
or combination method of treatment (dosing regimen) include, but are not

limited to the classes and compounds exemplified in Table 2.

Table 2

Combination Therapies with SGLT Inhibitors

Drug/Compound

metformin

Fortamet (metformin XT)
metformin GR

metformin XL

NN-414
fenofibrate/metformin combo
glimeparide

Mechanism or Class
Biguanide (class)

Insulin Secretagogue
(mech), Sulfonylureas
(class)

glyburide/glibenclamide combo
glyburide/metformin combo
glipizide

glipizide/metformin combo
gliclazide

chlorpropamide

tolbutamide

tolazamide

repaglinide

Insulin Secretagogue
(mech), Meglitinides
(class)

nateglinide
mitiglinide
acarbose

Alpha-glucosidase
inhibitors (mech)

miglitol
voglibose
emiglitate
insulin lispro

Insulin and Insulin
analogues (class)

insulin glargine
insulin detemir
insulin glulisine
insulin aspart

human insulin

(Humulin R)

human insulin

(Novolin R

human insulin

(Novolin BR)

insulin, zinc

suspension




LY-818 oxeglitazar

( EML- 4156) LY-929 BVT-

142 DRF- 2655

DRF- 4832 DRF-4158 LY-465608KT6-207 LSN- 862 PPARal pha

wa\gmsiosn4 mech) Fenof
Ci prof ibrate Benzaf

i brate Genfi brozil

Cl of POT/HEI04/024673

i brat80K- 111 LY518674 (LY674)
KRP- 101 NS-220 GV 9578 GM 7647 GW 9820 LF-200337

ST-1929 W- 14643 PPA

deltdd iAgoni st (nmech) GAQ01516

insulin NHP (Humulin N)

insulin, zinc suspension
(Novolin L)

insulin NHP (Novolin N)

insulin, zinc suspension
(Humulin U)

human insulin, regular and NHP
mix (Humulin 50/50)

human insulin, regular and NHP
mix (Humulin 70/30)

human insulin, regular and NHP
mix (Novolin 70/30)

Inhaled insulin (class)

Exubera

i

AERx Insulin Diabetes
Management System

AIR inhaled insulin

Oral insulin (class) Oralin

PPARgamma (mech) rosiglitazone
rosiglitazone/metformin combo
pioglitazone

isaglitazone (netoglitazone,
MCC-555)

rosiglitazone/sulfonylurea

ragaglitazar

balaglitazone (NN-2344)

R-483

rivoglitazone (CS-011)

FK-614

SCD-DKY

tesaglitazar

T131

CLX0921

LY-293111 (VML-295)

MBX 102

ARA10090

CDDO (TP-155C)

DRF-2189

PHT-46

farglitazar

GW-7845

L-764406

NC-2100

PN 2022 (PN 2034)

PPARalpha/gamma dual
agonists (mech)

MK767/MK0767 (KRP 297)

muraglitazar (BMS-298585)

tesaglitazar

LY-818
oxeglitazar (EML-4156)

LY-929

BVT-142

DRF-2655

DRF-4832

DRF-4158

LY-465608




GW¥ 1514 L-165041 GN 8547 PPARal pha/delta Dual GwW 2433

Agoni st (mech) PPARganma/delta Dual none in the |ast
WERRR0CEA2 Agoni st (mech) PPARal pha/ ganma/ del t aPCI/KSDO4@4673
Modul at or (nmech) RXR Agoni st (nmech) Insulin
Ser et agogue Exanatide injectable (nech) , GP-1I
anal ogue (class) Xxahatrse®7LAR i nj ect abl e Exananti de
oral Liraglutide GLP{lsmegmi st (nmech) exenatide
KRARZH93) Addrriag| (teictle | FRNPRIDTREE Y- 307161 CIC- 113 ZPI O
GLP-1_BI M 51077 DPPI Veenhidsoeby (nmech) | AP-237 P32/ 98
Clofibrate
Ciprofibrate
Benzafibrate
K-111
LY518674 (LY674)
KRP-101
NS-220
GW-9578
GW-7647
GW-9820
LF-200337
ST-1929
Wy-14643
PPARdelta Agonist (mech) | GW501516
GW-1514
L-165041
GW 8547
PPARalpha/delta Dual GW-2433
Agonist (mech)
PPARgamma/delta Dual none in the last PPAR CEA
Agonist (mech)
PPARalpha/gamma/delta CLX-0940
Modulator (mech)
RXR Agonist (mech)

Insulin Seretagogue Exanatide injectable
(mech), GLP-1 analogue
(class)

Exanatide LAR injectable
Exanantide oral
Liraglutide

GLP-1 agonist (mech) exenatide (AC2993)
liraglutide (NN2211)
LY-307161

CcJgc-113

ZP10

GLP-1

: BIM-51077

DPPIV Inhibitor (mech) LAF-237

P32/98

P93/01

NVP-728

Lipase Inhibitor (mech) Orlistat
ATL962
Glucokinase Activator Ro 28-1675
(mech)

Ro 27-4375
beta-3 Agonist (mech) LY-337604
1.-796568
CP-331684
CP-331679




P93/ 01 NVP- 728 Lipase Inhibitor (mech) Olistat
ATL962 d ucoki nase Activator Ro 28-1675 (nmech) Ro
WQ@70048724bet a- 3 Agoni st (mech) LY-337604 L-796BGBUS2004/024673
CP- 331684 CP-331679CP- 114232 Raf abegron (TAK-677) YM
178 N5984 GWMI27353 | BAT I nhibitor (nech) AZD 7806
SC-990 SC-017 GW 264 | EdalHM/4 'Agoni st Aci pi D
(nmech) _d ucocor ti coi §iRABAS44dn ARRREIA) st (nech) |

A362947 CP394531 YM-178
N5984
GW427353

IBAT Inhibitor (mech) AZD-7806
SC-990
SC-017
GW-264

HM74a/HM74 Agonist Acipimox

(mech)

Glucocorticoid A348441

Antagonist (mech)
A362947
CP394531
CP409069
CP472555

Glycogen Phosphorylase a | NN4201
Inhibitor (mech)

Ingliforib (CP368296)

FXR Antagonist (mech) GW-4064

LXR Agonist (mech) GW-3965
T-0901317
T-0314407

FXR Antagonist (mech)

GLP-1 Analogue (class) Albugon

GSK-3beta Inhibitor

(mech) .

PTP-1b Inhibitor (mech) I8IS-113715
KP102

Amylin Receptor Agonist Pramlintide (symlin/amylin)

NO Scavenger (mech) NOX-700

1lbeta-Hydroxysteroid BVT-3498

Dehydrogenase Inhibitor

Peptide YY hormone AC162325

Glucagon Antagonist NN-2501

(mech) /

PEPCK Inhibitor (mech) R1438

Somatotropin Release- SO0M230

inhibiting Factor (mech)

CPT-1 Inhibitor (mech) ST1326

Carboxypeptidase MLN-4760

Inhibitor (mech)
Leptin analogue (class) Metrileptin




CP409069 CP472555 G ycogen Phosphoryl ase a NN4201
I nhibitor (mech) Ingliforib (CP368296) FXR Ant agoni st
w@ e@si)22@&Y 4064 LXR Agoni st (nmech) GW 3965 T-PODUSHE4/024673
T- 0314407 FXR Ant agoni st (@&ch) G.P-1 Anal ogue (cl ass)
Al bugon GSK-3beta I nhibitor (mech) PTP-1b Inhibitor
(mech) 1Sl S-113715 KPI 02 Anylin Receptor Agoni st
Pram intide (symin/anylin) NO Scavenger (mech) NOX-
E0Cdntjeatend dr oxyst eroi d BVT- 3498 Dehydrogenase
| nhi bi tor Peptide YY hornone AC162325 @ ucagon
Ant agoni st NN-2501 (mech) PEPCK | nhibitor (nech) R1438
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glucose reabsorption inhibitor, such as an SGLT inhibitor, and one or more
antidiabetic agent(s) for the treatment of diabetes or Syndrome X, or
associated symptoms or complications thereof. The demonstrated efficacy of
SGLT inhibitors in numerous models of NIDDM validates the utility of this drug
alone for the treatment of NIDDM in humans. Since glucose reabsorption
inhibitors have a mechanism of action distinct from that of other antidiabetic
agents, such as RXR modulators, the disclosed combination may have the
advantage of reducing the amount of either drug necessary to achieve
combined therapeutic or pharmaceutical efficacy, relative to the use of either
drug alone, thereby reducing one or more adverse side-effects, which often
include weight gain, edema, cardiac hypertrophy, hepatohypertrophy,

hypoglycemia, or hepatotoxicity, or any combination thereof.

The invention provides a method for treating diabetes or Syndrome X, or
complications thereof in a subject, said method comprising administering to
said subject a jointly effective amount of a glucose reabsorption inhibitor in
combination with a jointly effective amount of an antidiabetic agent, such as an
RXR modulator. In one aspect of the invention, the antidiabetic agent is an
RXR agonist or RXR antagonist that increases insulin sensitivity in the subject.

For example, an insulin sensitizer can increase glucose tolerance in a subject

in an oral glucose tolerance test.

Preferably, the diabetes or Syndrome X, or associated symptoms or
complication thereof is selected from IDDM, NIDDM, IGT, and IFG.

This invention also provides a pharmaceutical composition comprising
one or more glucose reabsorption inhibitors ( alone or in combination with one

or more antidiabetic agents), and a pharmaceutically acceptable carrier. In one



CPT-1 Inhibitor (mech) ST1326 Carboxypepti dase
M_N- 4760 I nhi bitor (mech) Leptin anal ogue (cl ass)
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conbi nation therapy conprisitng adm ni stering a gl ucose
reabsorption inhibitor, such as an SAT inhibitor, and
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ethylenedlamlne meglumine, procaine, aluminum, calcium, lithium,
magnesium, potassium, sodium, or zinc. The compounds of Formula (V) or a
pharmaceutically acceptable salt thereof, may include an intramolecular salt

/

thereof, or a solvate or hydrate thereof.
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compesitionsrare pasferaiiyrbrovidédinsthedorm eé takietsoranéaisingn 0.01,
LR n@%fj1 o B SELAPG! 158! 587, BB.41S08" 158400, 250 or 500
milligrams of the active ingredient for the symptomatic adjustment of the
dosage to the patient to be treated. The compounds may be administered on a
regimen of 1 to 2 times per day. The dosages, however, may be varied
depending upon the requirement of the patients, the severity of the condition
being treated and the corhpound being employed. The use of either daily
administration or post-periodic dosing may be employed. Preferably these
compositions are in unit dosage forms such as tablets, pills, capsules, powders,
granules, sterile parenteral solutions or suspensions, metered aerosol or liquid
sprays, drops, ampoules, auto-injector devices or suppositories; for oral,
parenteral, intranasal, sublingual or rectal administration, or for administration

by inhalation or insufflation. Alternatively, the composition may be presented in



to the procedures well known in the art (see the
references listed below), as well as all the

wee@sotzies described in US PATENT NOs. 542440BCT/US2004/024673
5731292, 5767094, 5830873, 36048842, W01/ 16122 and
W001/ 16123 which are incorporated herein by reference.
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once-nont hly adm ni stration; for exanple,
the latter being in the form of an envelope over the former. The two
components can be separated by an enteric layer which serves to resist/
disintegration in the stomach and permits the inner component to bass intact
into the duodenum or to be delayed in release. A variety of material can be
used for such enteric layers or coatings, such materials including a number of
polymeric acids with such materials as shellac, cetyl alcohol and cellulose

acetate.

The liquid forms in which the novel compositions of the present invention
may be incorporated for administration orally or by injection include, aqueous
solutions, suitably flavoured syrups, aqueous or oil suspensions, and flavoured

emulsions with edible oils such as cottonseed oil, sesame oil, coconut oil or



an insoluble salt of the active conpound, such as the

decanoate salt, nay be adapted to provide a depot
wee@sarayl on for intranuscul ar injection. For PCEPSI00#0R4673

solid conpositions such as3fablets, the principal

active ingredient or ingredients are mxed with a
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e n conposition is then subdivided into
desitedlosage forns of the type described above
containing from0.1 to about 500 ng of the active
i ngredient or ingredients of the present invention.
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%Mﬁ' T8N &fhinitt&%R in the form of a transdermal delivery system, the
dosage administration will, of course, be continuous rather than intermittent

throughout the dosage regimen.

For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an-oral, non-toxic
pharmaceutically acceptable inert carrier such as ethanol, glycerol, water and
the like. Moreover, when desired or necessary, suitable binders; lubricants,
disintegrating agents and coloring agents can also be incorporated into the
mixture. Suitable binders include, without limitation, starch, gelatin, natural
sugars such as glucose or beta-lactose, corn sweeteners, natural and synthetic
gums such as acacia, tragacanth or sodium oleate, sodium stearate,

magnesium stearate, sodium benzoate, sodium acetate, sodium chloride and



acetate. The liquid forns in which the novel
conposi tions of the present invention nay be

Wwo p@sopaat ed for administration orally or by PeI/Es1000024673
i ncl ude, aqueous sol utions38suitably flavoured syrups,
aqueous or oil suspensions, and flavoured enul sions
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tration is Ve, Advant ageously, the
ﬁeqbemﬁulons of one or nore glucose reabsorption
inhibitors of the present invention, alone or in
conmbi nation with one or nore additional antidiabetic

agent )iyl dd8agedtd1bé ehfRisidte@ nsdynoé eeattil |detdrm|aed those
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administered in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and multilamellar vesicles.
Liposomes can be formed from a variety of lipids, including but not limited to
amphipathic lipids such as phosphatidylcholines, sphingomyelins,
phosphatidylethanolamines, phophatidylcholines, cardiolipins,
phosphatidylserines, phosphatidylglycerols, phosphatidic acids,
phosphatidylinositols, diacyl trimethylammonium propanes, diacyl
dimethylammonium propanes, and stearylamine, neutral lipids such as

triglycerides, and combinations thereof. They may either contain cholesterol or

may be cholesterol-free.

From Formula (lll) and other disclosed formulae it is evident that some

compounds in the compositions of the invention may have one or more
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duration of activity, and will therefore, be
adm ni stered |l ess frequently. Optinmal dosages to be
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mixture of some possible stereoisomers. The non-racemic forms may be
obtained by either synthesis or resolution. The compounds may, for example,
be resolved into their components enantiomers by standard techniques, such
as the formation of diastereomeric pairs by salt formation. The compounds
may also be resolved by covalent linkage to a chiral auxiliary, followed by
chromatographic separation and/or crystallographic separation, and removal of
the chiral auxiliary. Alternatively, the compounds may be resolved using chiral
chromatography. Unless otherwise noted, the scope of the present invention is
intended to cover all such isomers or stereoisomers per se, as well as mixtures
of cis and trans isomers, mixtures of diastereomers and racemic mixtures of

enantiomers (optical isomers) as well.
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in their structure. It is intended that the present
invention include within its scope the
stereochenmi cally pure isonmeric forms of the conpounds
as well as their racemates. Stereochemcally pure
isonmeric forms may be obtai ned by the application of
art known principles. Diastereoi soners may be
separated by physical separation nethods such as
fractional crystallization and chromat ographic
techni ques, and enanti onmers nay be separated from each
other by the selective crystallization of the
di astereoneric salts with optically active acids or
bases or by chiral chromatography. Pure stereoisoners
may al so be prepared synthetically from appropriate
stereochemcally pure starting materials, or by using
stereospecific reactions. Sone conpounds in the
conpositions of the present invention nmay have various
i ndi vidual isoners, such as trans and cis, and various
al pha and beta attachnents (bel ow and above the pl ane
of the drawing). In addition, where the processes for

the preparation of the conmpounds according to the
i nvention
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Exanpl es. One aspect of the invention features
cupenmiasogiflef ornula (111) as described above in the
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A. (2-Amino-3-methoxy-phenyl)-carbamic acid tert-butyl ester 1a: Thionyl
chloride (2.3 mL, 32 mmol) was added to a suspension of commercially
available 3-methoxy-2-nitrobenzoic acid (4.2 g, 21.3 mmol) in toluene
(20 mL). The mixture was stirred a reflux for 30 minutes, cooled to room
temperature (RT) and concentrated to dryness. The acid chloride was
then dissolved in acetone (HPLC grade, 20 mL) and added dropwise
through an addition funnel to a cold (0 °C) solution of sodium azide (2.2
g, 33.8 mmol) in water (30 mL) with stirring. The resulting suspension

was stirred at 0 °C for 10 minutes then at RT for 50 min. Water was



prepared. 1HNMR spectra were neasured on a Brucker
AC- 300 (300 IMHz) spectroneter using tetranethylsilane
W@ TNEp12232 an i nternal standard. Exanple 1 PCT/US2004/024673
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b- Dyl Hg@&y (BsPsiLyanbithé wHite@dlié.product was collected by filtration.
(2- Ani_no- 3- et hoxy- phenyl ) -carbam c acid tert-butyl
est er Thasolitpseguct ms@f&ﬁ@d with3-hytanol £25 IWI®| %”%%g/ted to reflux
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iltration and t iltrated '
gi ve mmol) in dry DMF (4 mL) was st SR 3L E o, BRGHR b He0
(40 mL) and extracted with EtOAc (2 x 60 mL). The combined EtOAc

extract was washed with brine, dried over MgSQy, filtered and

overnig

concentrated to give a crude oil. Column chromatography provided the
title compound as a white solid (0.5 g, 70%).

C. [3-Methoxy-2-(2-naphthalen-2-yl-ethylamino)-phenyl]-carbamic acid tert-
butyl ester 1¢ and 3-Methoxy-(2-naphthalen-2-yl-ethyl)-benzene-1,2-
diamine 1d: To a cold (0 °C) solution of 1b (0.423 g, 1.04 mmol),
prepared in Part B, in dry tetrahydrofuran ( 30 mL) was slowly added
borane tetrahydrofuran complex (1M solution, 2 mL). The reaction
mixture was stirred at reflux for 2 hours, cooled to 0 °C and 1N NaOH
solution (3 mL) was slowly added. Water (5 mL) was added and the
mixture was stirred at RT overnight. The mixture was diluted with water
(50 mL) and the aqueous mixture extracted with ethyl acetate (2 x 60
mL). The combined organic extracts were washed with brine, dried over
MgSQy4, concentrated and chromatographed (silica gel, EtOAc/Hexane;
1:4 ratio) to afford the title compounds, [3-Methoxy-2-(2-naphthalen-2-yl-



the title conpound as a solid (2.2 g, 100% . B.
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brine, dried over MgSO4 and concentrated to give the title compound as
a yellow solid (0.267g, 100%).

F. 2-[3-(2-Naphthalen-2-yl-ethyl)-1,3-dihydro-benzoimidazol-2-one-4-yloxy]-
B-D-glucopyranosjde 1: To a solution of 1f (0.26 g, 0.87 mmol), prepared
in Part E, in DMF (5 mL) was added potassium carbonate (0.30 g, 2.2
mmol), followed by addition of 2,3,4,6-tetra-O-acetyl-o-D-glucopyranosyl -
bromide (0.54 g, 1.3 mmol). The reaction mixture was stirred at room
temperature for 24 h. Then solids were filtered and washed with ethyl
acetate. The ethyl acetate solution was washed with water and brine,
dried over MgSQ, and concentrated in vacuo. The residue was
chromatographed (silica gel, EtOAc/Hexane, 3:2) to give pure product
(24% - based on recovered starting material) as a solid. The solid

product was diluted with methanol (3 mL) and sodium methoxide (1M
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Cland K2C®3 ( 0.24 g, 1.5 m#wol) in DVF (10 ml ) was

heated in a 150 C oil bath for 1.5 hours, cooled to

RT, peolgibn the(HEDO(ZBmU)w\)aS added. dhheaesHTinfy@oldidbn was stirred

ol | oG ke e 420 oo BigRaielans femove

!
t7' ngrnggngtr?h% eﬁ)?lﬁgflé(}’]mgt\@as_s%hf&té@vﬁtﬁ BOAZP x 36-mL). The

, 3-di mmmne@fﬂ@mmm Waam\easbfad withbrinerdriesk ovier MgSO4,
0.28 g, 0,8 d
(028 fhers B8 TORb R8s TR e oy o
tribr Qiﬁr&fﬁaf&d}’b?w Bhisfizal gel:Ctufihg with-30% FhethvRs| iRl PiMrsform to

added. The reaction m xture was stirred at - 78 OC for

30 ni rgivethe tikencempaund (& ORB @, & %)@ s whiie sollidr rfélal\/a

i opwi GEOVBE: KR 7 8 va 34t ) 7 Frle. fEDng e 7 42 (m,

chl 0” , W rﬁn@*{f@ 8‘2‘d‘%f79?é’d40ﬁ9692§ﬂ2w& 2'3‘1I—th¢H) 5.18
aqueous mxture extracted with Et QAc (2 m) .

conbi HddJ Bt GRS R tli-icd . Adas 4viklsimed2 B9z (lﬁir Ur?e10@rh'|é,d1 H) 3.74 -

over t Vet

compoutio 48 2 of A SaEr Cuboaty Ay 2 Ms: miz (k)
2-[ 3- (sMapht hal en-2-yl -ethyl )-1

, 3-di hydr o- benzoi m dazol - 2- one- 4-yl oxy] -

b- D- gl ucopyranosjde 1: To a solution of 1f (0.26 g,

0.87 nmol ), prepared in Par |é12DI\/F (5 m.) was

added pot assi um car bonate ( 2.2 mol ), foll owed
by addition of 2,3,4,6- tetra- Oacetyl

a-D-gl ucop ranosyl br omde (0.5
2B 2 BAp Iy & y\'/rﬁihyé)r:l”"r"rb@@zamfj@é%‘l @t@g%]ratllre@cpewanwde

24 h. Then solids were filtered and hed with et hyl
acetate. The ethyl acetat=e\ sol ut]j washed wth
wat er and bri ne, f :N

O
HO

0]
OH
HO /
OH

A 7-Methoxy-1-(2-naphthalen-2-yl-ethyl)-1H-benzoimidazole 2a: To 1d
(0.66 g, 2.26 mmol), prepared in Part C of Example 1, and
triethylorthoformate (0.45 ml, 2.71 mmol) was added catalytic amount of
p-toluenesulfonic acid. The mixture was heated in a 120° C oil bath for 5
hours then cooled to RT. The residue was purified by chromatography
(silica gel, 10% EtOAC in Hexane) to afford the title compound (0.513 g,
75%).

B 2-[3-(2-naphthalen-2-yl-ethyl)-3H-benzoimidazol-4-yloxy]-B-D-

glucopyranoside 2: The compound 2a prepared in the previous step was



dried over MJSH and concentrated in vacuo. The

resi due was chromat ographed (silica gel, EtOAc/Hexane,
W@2@5/012124i ve pure product (24% - based on recPUBUBIN04/024673

starting material) as a solfd. The solid product was

diluted with nmethanol (3 nlL) and sodi um net hoxi de

( 1VBOethbthyldted ngy@oé’ylaﬂed)m\l\m sandatianfbeas destribatgin
solution was stirre

RT f h
wat er Parkg Enthrougthl t@@%@@%mﬁcjtﬁt{%c?%gﬁ%g W&ﬁwgtokmz

The. comePc £ ne BaThar L it Gallhd 47 i6 [T A2 a0 (m

dri edpyer 130545 (i, U r@Q4 adJeongewa 4193 (nacii), 4.74
The res?/due was purlleZd by a( romat o rap?w_?don S(Iﬂa @%5

gel : @hutiih@. 96 3. @%%thaﬁ&lg Hﬁ, ¢ bBdBr 1 8- 1iv

v ooREe S ealerth My MBI E S © S0
1H), 7.47 - 7.42 (m 3H), 7.04 (m 2H) 6.82 - 6.79

(de 6.25 HZ, J=23Hzl, 18(d J =773
4.47 - 4.41 (m BXanpl = 10.9 Hz,

é@zﬁé‘ Em’wgﬁﬁylfg iﬂ@ga%ﬁﬁzﬁ@p zéxﬁﬁor(ém iy D28 -

[ugop aBflehal en- 2-yl -et hyl ) - 3H ben20| m dazol - 4-yl oxy
?- gl ucopyranosi de N=\ A 7- Met hoxy-1

-(2-napht hal en-2-yl -ethyl )-1 H benzoi m dazol e 2a: To
1d (0.66 g, 2.26 mol), prepared i p—Part C of Exanple
1, and triethylorthoformte (0. , 2.71 mmol) was
added catal ytic anobunt o gsul fonic acid. The
m xture was heated in a 17 bath for 5 hours
then cooled to RT. The rgskgdue was purified by

chromat ography (silica d 10% Et OAC i n Hexane) to
afford the title conpoyng (0513 g, 75%.

0]
OH

HO

OH

A [2-(4-Ethyl-benzoylamino)-3-methoxy-phenyl]-carbamic acid tert-butyl
ester 3a: To a solution of 1a (1.5 g, 6.3 mmol),y prepared in Part A of
Example 1, and triethylamine (1.3 mL, 9.45 mmol) in methylene chloride
(40 mL) was added 4-Ethyl benzoy! chloride (1.06 mL, 6.3 mmol)
dropwise. The resulting mixture was stirred at RT for 6.25 hours, poured
into water (50 mL) and layers were separated. The organic layer was
dried over MgSOy, filtered and concentrated to give a crude mixture of
the title compound in quantitative yields.

B [2-(4-Ethyl-benzylamino)-3-methoxy-phenyl]-carbamic acid tert-butyl
ester (3b) and N2-(4-Ethy|—benzyl)-3-methoxy-benzene-1 ,2-diamine 3c:
Treatment of the compound 3a prepared in the previous step with
borane tetrahyrofuran complex using the same procedure described in

Part C of Example 1 provided the title compounds in quantitative yields.



B
2-[ 3-(2- napht hal en- 2-yl - et hyl ) - 3H benzoi m dazol - 4-yl ox

W@ e0slo1Dgt ucopyr anosi de 2: The conpound 2a pr ePer/E82004024673
t he previous step wasdenet Wyl ated then gl ycosylated in
t he same manner as described in Parts E through F to
previgsig. - roldMirh #22 H2 o reDBYIXYHB-D-
T e rar (s o1ty 5 42

7. 3§lu¢opyrarpside (3B Thettitescqrapound was prapargd ip the same

WL g aS gbSipad ipfar{ﬂb—,( E‘sgf%?qm;g_eglgsqbnsﬁi@ﬁbgf fewith 3b
; 27 pre taﬁe;tf mbtlgﬁ’z';%”le\)/ly% s TAMMR (38AMHZECDWOD) $7.24 (d, J =

4 ,
[3 di(m@orrdz,tmmwnﬂ @hdct 8 A4dnia-2H)Y 7H@/+-6.93 (m, 2H) 6.80 (d, J =

- Dyl r anos, HO, -

- (40 B0 D5 40 5 He ADRZT Bk Ayt e L Er A 00 (@

ci d Lerss pyt YH)8Y®EL 386 (dth Ja= $@3y0i=0m2.06, 1H) B16%H- 8,66 (dd,

6.3 mmol ), prepared in Part A _of Exanple 1
|

. a , and
tri et hyd ahBné=(12.80,mH) 3545 336l (n.i4n2bRyAetta) 1.19 (t. 3H).
chl or de 0 s added 4-Ethyl benzoyl chloride
(1. O6Nﬁ$é(m§? dropwi se. The resulting m xture
was stirred at RT for 6.25 hours, poured into water

(50 nL) and | ayers were separated. The organic |ayer
was dried over MySCU, filtertBBR& 4oncentrated to give

;l i g-gg-&-%}ﬁ(}}l-%reﬁz%ﬁmSeﬁic}i%?dé‘z%w%}'l'&g/]lﬂlD%Q%Nréﬁééﬁe
[ 2- (4- Et hyl - benzyl am no) - 3- met hoxy-
acid tert-butyl ester (3b) and
N2- (4- Et hyl - benzyl) - 3- met hauask ben e-1 ,2-diamne 3c:
Treat ment of the conmpound 3a prepared in the previous
step with borane tetrahy conpl ex using the sane
procedure described in Pa €. of Exanple 1 provided
the title conmpounds in
2[ 3- (4- Et hyl - benzyl )-1 0
, 3-di hydr o- benzoi m dazol - 27gne} 4- yl oxy] -

b- Dgl ucopyr anosi de (3): ﬁg tytl e conpound was
prepared in the sane man 7 described in Part D - F
of Exanple 1 substituting 1c th 3b

3
2
b
[

a

enyl ] -carbam c

titative yields.C

2-[3-(4-Ethyl-benzyl)-3H-benzoimidazol-4-yloxy] -B-D—glucopyranoside 4
The compound 3¢ prepared in Part B of Example 3 was treated as
described in Example 2 replacing 1d with 3¢ to provide the title compound.
THNMR (300MHz, CD;0D) §8.09 (s, 1H) 7.34 (d, J = 8.00, 1H), 7.20 - 7.13
(m, 5H), 7.09 (d, J = 7.95, 1H), 5.86 (d, J = 16.29, 1H), 5.61 (d, J = 15.27, 1H),
5.09 (d, J = 7.28, 1H), 3.89 (d, J = 11.91, 1H), 3.71 - 3.67 (dd, J = 5.48, J =
11.86, 1H), 3.55 — 3.36 (m, 4H), 2.59 (q, J = 7.7 Hz, 2H), 1.18 (, J = 7.4Hz,
3H). MS: m/z (MH") 415.

Example 5



prepared in the previous step. 1HNWVR (300MHz, CD30D) d
7.24 (d, J =7.90 Hz, 2H), 7.12 (d, J = 8.14 Hz, 2H),

W@ 2®3/012262 93 (m 2H) 6.80 (d, J = 7.69 Hz1 1H) PGI/4g20041024673
15.51 Hz, 1H) 5.27 (d, J =415.61 Hz1 1H) 5.00 (d, J =
7.33 Hz, 1H) 3.90 - 3.86 (dd, J = 1.93, J = 12.05, 1H

3. 99{3'_§igﬁiﬁe(lﬂﬁ<ypﬁenylﬁeﬁ’rgl] BH-EeﬂaZolﬂﬁdaﬁdM ﬁoﬁﬂ}-%—lﬁ 36

M5: mz (M) 431 .
Exglqmlopynanomde
2-[3-(4-Ethyl -benzyl)-3H benzoi m dazol - 4-yl oxy] -
b- D- gl ucopyr anosi de HO CH

2-[3-(4- Et hyl - benzyl ) - 3N=henzoi njaggol - 4-yl oxy]
-b-D gI ucopyr anosi de 4: ThE%%H repared in
Par t @ d bed in

B of Exanple 3 eat ed escr

Exanpl e 2 replacing 1d - 30 to provide the title
E:(cjl)rrp‘c])und.8 Cl)gNN?H)(SOgO 1O?i))(d 8509 (s, 1H) 7.34

, = 8. 00, , - m 7.09 (d, J =
7.95, 1H). 5.86 (d 3 =/3BN29, 1H), 5 51 (d, 5
15.27, 1H), 5.09 aho 728, 1H, 3.89 (d, J = 11.91
, 1H), 371-367(d JH548 J = 11.86, 1H), 3.55
[ 3.36 (m 4H), 2.59 (q, = 7.7 H, 2H), 1.18 (t, J =.
7. ‘PHZN-(QL‘I){ drigRy-Baitro¢ eyl 4254~ rrEatbow -phenyl)-acetamide 5a: To a
e
N-(2- F%H&?é}ﬁd@né'thgl%ﬁuﬁ@g?ml eﬁg(rﬂnfar)tnhwamplé%@ydmm%e(zo ml)

am de comer ci al avai |
2- Ami ms&lmwlglramleelrmme(cmgpheaylacaﬁybcbIoaﬁa (5 ml 32 4 mmol).

ot e a0 i s B S T CER BRI 8 water

chl or {SeriParll a (33MAHOTEBIMtion (20ml) was added. An additional 30ml of
methylene chloride was added and layers were separated. The
methylene chloride layer was washed with water, brine and dried over
MgS0,. The solution was filtered and solvent removed under reduced
pressure to give the title compound as a dark solid (9.45 g, 96%).

B N-[2-(tert-Butyl-dimethyl-silanyloxy)-6-nitro-phenyl]-2-(4-methoxy-
phenyl)-acetamide 5b: To a cold (0 °C) solution of 5a (3.1g, 10.3 mmol),
prepared in Part A, and tert-Butyldimethylsilyl chioride (1.86 g, 12.3
mmol) in dry DMF (10ml) was slowly added imidazole (1.7 g, 25.7
mmol). Stirring was continued at 0°C for 30 minutes then at RT for 3
hours. The resulting mixture was poured into ice water (80 ml) and
extracted with Et,O (2 x 80 ml). The combined ether extracts were dried
over MgSO, and concentrated to provide the product as an oil in
guantitative yield.

C N-[2-Amino-6-(tert-butyl-dimethyl-siIanyloXy)-phenyl]-2-(4-methoxy-
phenyl)-acetamide 5¢: A solution of 5b (1.4 g, 3.36 mmol), prepared in
Part B, in ethanol was hydrogenated over 10% Pd/C at 40 psi of
hydrogen pressure for 4 hours. The catalyst was filtered off through



The resulting m xture was stirred at RT overnight,
poured into ice water (30 m) and a 0.5M HCl sol ution
W@ 2@si0)22wms added. An additional 30m of et hyPEnEs2004/024673
chloride was added and | ayd8s were separated. The
nmet hyl ene chl oride |ayer was washed with water, brine

and dcefi@ anveEtheMiise cohiventrated quacwasThda title mempmdld was
sol vent renoved under reduced resw to give

it cisolipdan@nal-uhiaseldd)ie83@ 5 PystSigeaton from

N[ 2- t - But yl - di net hyl - si | anyl oxy) - 6 ni tro- phenyl ] -
2-(4- Ei?tq]oxyphenyl) acetam de 5b: To a cold (0 0Q

S B?‘Eer‘é’?’é‘@f“é"rae?ﬁ"?"E‘"ylb"’“"“”hf3 -pr - oo sl

e u I e C r

?Tlml7) beRzefner 1 Gviai FQ&L '@ln?iaPl)? éﬂéle'@eﬁ?ﬂqgéé}lﬂryn'
By far @ﬁggﬁg%olg iid & ge|ee o Olitidmest 58 (0063 §o1.8

30 mnu for The resultin
m xt un&nw),sprppareeﬂini?ﬂrbCl rednyatebahy@ofuran (R4mL) was slowly

oxt 1 agpgeq ot By RRBmilRE U RIRE 2 AL The
provi ﬂsaéti%ﬁ rﬁ&ﬂﬂé%a@ﬁlr?éd 8i fefluR famz\nbutsabbul@ob/tbej ‘d: afid 1N

N-[2-Am no-6-(tert-butyl-dinmethyl-sila yox) pheny é
2 (4 INetOtd Bpptiiony( )5 mh¢ weardleilysdded. ¥éatat (binldwasiadded and

hyar oA 0 as Sihh T Gy MigFRL T il has Mletitn

pr essyed @5 MLNaHd the dhgeans mhmnte awtmdcedi t/\thB:lhxdfa‘cetate (2 x
throughCelite and the filtrate concentrat

The ¢ BOIBLE GiRgoanTEbiRaS TavNiacslions Wieovesiasl Wi Bogdried

i S

enyl ) -EQDNV!—]iexélw'lzleﬂnaattb) tdaﬁoajﬁheetlt@dcmnpbund 5d (0. 4g, 60%) as

ser T8 WhEoRAId S EPORoUI 58 (Y BB 16

mmi;) 7-RERRAN \Aﬁddlhfétlﬁﬁ-rsﬁla@bkﬂ Ao 4- méthﬁéwlp@tdyl]zm
ben20|m|dazole 5f: To a mixture of 5d (0.38 g, 1.02 mmol), prepared in
Part D, and triethylorthoformate (023 ml, 1.23 mmol) was added catalytic
amount of p-toluenesulfonic acid. The mixture was heated in a 120 °C oil
bath for 5 hours then cooled to RT. The residue was purified by
chromatography (silica gel, EtOAC/ Hexane, 1:4) to afford the title
compound (0.33 g, 84%).

F  3-[2-(4-Methoxy-phenyl)-ethyl]-3H-benzoimidazol-4-ol 5g: To a cold (0
°C) solution of 5f (0.30 g, 0.78 mmol), prepared in Part E, in dry
tetrahydrofuran (10 ml) was added tetrabutlyammonium fluoride (2 ml,
1.96 mmol). The resulting mixture was warm to RT, stirred for 1%z hours
and water (15 ml) was added. The solid precipitates were collected by
filtration and dried under reduced pressure to give the title compound
(0.206 g, 99%) as a tan solid.

G 2-{3-[2-(4-Methoxyphenyl)-ethyl]-3H-benzoimidazol-4-yloxy}-B-D-

glucopyranoside 5: The title compound was prepared by treating 5g with



added borane tetrahydrofuran conplex (1M solution, 2.7

m ). The reaction mxture was stirred at reflux for 2
whowss122¢no0l ed to 0 OC and 1N NaCH sol uti on ( 1pG&I/IB20p4/024673

was sl owy added. Water (541 ) was added and the

m xture was stirred at RT overnight. The m xture was

diluteg WGtt’étr‘é@@%Vce(ﬂ@ [otgmc@xmahbsyl @mmmsasmesm(j in Part
extracted with ethyl” acetate (2 x 30 ni

conbi Feaf Exagepled. ébleMRt(é;OQMI"lé YY) 5/\7%39 (Br‘“ri)a 7.31(d,J=

(si 1180 e Wt“fcﬂ\%m@ Eh e % 2R TR AR . 0 =
title 80 ?85(@1 & é@ H?%} 6321a(dMH £q 8§ 0l dHyni 6hed 58

title conp un

7- (t efm; BH3. 9a.—n&9m(m §|H)a3| Box $Y721m, 24 4 3sRE h 3B fReSH),

nyl) dazo 5 Toamxture of 5d
(0. 38%939/’_[ Bk Eﬂnﬂéy '\a$e el RE D, and
triethylorthoformate (023 m, 1.23 mmol) was added

catal ytic amount of p-tol uenesul fonic acid. The
m xture was heated in a 120ER@MBI86path for 5 hours

chr oo Msforinany B S sk A S4-6-0
affgneo%gnbs.abe compound (0.33 g 84% . F
t hoxy- phenyl ) - et I] 3H— benzoi m dazol - 4- ol

59: Toacold (0 00 solu n f (0.30 g, 0.78
nmol ), prepared in Part t rahydrof uran (10
m ) was added tetrabut n| um oreed (2 m, 1.96

mmol ). The resulting re was warmto RT, stlrred
for VA hours and water 5™a1) was added. The solid
preci pitates were coli@cied|by filtration and dried
under reduced pressure t |ve the title conpound
(0.206 g, 99% as a tanf§Blid. G

2-{3-[ 2- (4- Met hoxyphengd)=®t hyl ] - 3H—ben20|n1dazol 4-yl
oxy}- b-Dgl ucopyranosi de 50HThe title conmpound was

o R e A SRR B AR BT et
dihydro-benzoimidazol-2-one 6a: Triphosgene (0.40 g, 1.35 mmol) was
added to a cold (0° C) solution of 5d (0.50 g 1.35 mmol), prepared in
Part D of Example 5, in dry THF (20 ml). Stirring was continued at 0°C
for 30 minutes then at RT for 2 hours. A saturated NaHCO3 solution (60
ml) was added slowly and the mixture extracted with EtOAc (2 x 60 ml).
The combined EtOAc extracts were washed with brine and dried over
MgSO,. The mixture was filtered and the filtrate concentrated under
reduced pressure to provide the title compound as a solid (0.53 g, 98%).

B 2-[3-(2-(4-Methoxyphenyl)-ethyl)-3H-benzoimidazol-4-yloxy]-3-D
glucopyranoside 6: The title compound was prepared in the same
manner as described in Part F in Example 5 substituting compound 5f
with 6a followed by treatment with 2,3,4,6-tetra-O-acetyl-o-D-
glucopyranosyl bromide as described in Part F of Example 1. THNMR
(400MHz, CD3;0D) 8 7.17 (d, J = 8.38 Hz, 2H), 7.03 — 6.98 (m, 2H), 6.84



F of Exanple 1. 1HNMR (400MHz 1CD3CD) d 7.59 (s, 1H),
7.31 (d, J =8.1 Hz, 1H), 7.20 (t, J = 7.9 Hz, 1H),
wQ@ 2@3/0{x242 7. 8Hz, 1H), 6.95 (d, J = 8.4, 2H), 6PTBUSIN4/024673
= 8.5 Hz, 2H), 5.21 (d, H 307.8 Hz, 1H), 4.62 - 4.58
(m 1H), 3.95 - 3.91 (m 1H), 3.76 - 3.72 (m 4H,
3. 65 - 6¥&4m,(38), BH4 (()cﬁ,-ﬂﬂ 7-7 Bz 12H},M.32H)4.26/8m, 2H), 3.90 (d, J =
(MH+) 431 . Exangle
2- [ 3-121Hz, ME).HDL6 fnedty), B- 13 1352 BR BEhPA 3431y A7), 3.14

7 (ter CR M ZIPASOR o) 5 ™
-[ 2- (4- met hoxy- phenyl )-ethyl]-1 , 3-

di hydr o- benzoi m dazol - 2- one_ 6a: Trf' phosgene (0.40 g,
1.35 nmmol ) was added to a ' ) solution of 5d

(0.2 B_b 3%:wml) ad, i Al b ! -
| n 2Ry i R foerBoRiRah eV RN chizqlRiiRagLRA plox} £-D
BOngdgﬂw at RT for 2 hours. A saturated NaHCO3
solution (60 m) was added slowy and _the m xture
extracted with EtOAc (2 =60 nl ). ¢ cpnbi ned Et OAc
extracts were washed with_bN-né a g-iced over MgSOA4.

The m xture vvasfilterdthe Ttrate concentrated
under reduced pressure S c?Vi de the title conpound

as a solid (0.53 g, 98%9-
2-[3-(2-(4- Met hoxyphenyl ) hyl ) - 3H benzoi m dazol - 4-yl
oxy] - b-D gl ucopyranosi dgo:N The title conpound was

prepared in the sane as described in Part F in
Exanpl e 5 substituting co nd 5f

B

A. 2-[2-(2,3-Dihydro-benzofuran-5-yl)-ethylamino]-3-nitro-phenol 7a: A
mixture of the 2-Amino-3-nitrophenol (1.0 g, 6.6 mmol), (2,3-Dihydro-
benzofuran-5-yl)-acetic acid (1.07 g, 6.5 mmol; Dunn, et. al. J. Med.
Chem. 1986, 29,2326), 1-Hydroxybenzotriazole hydrate (3.0 g, 19.5
mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimde hydrochloride
(3.73 g, 19.5 mmol) in dry DMF (10 mL) was stirred at RT overnight,
poured into H,0 (80 mL) and extracted with EtOAc (2 x 80 mL). The
combined EtOAc extract was washed with brine, dried over MgS@4,-
filtered and concentrated to give a crude oil. Column chromatography
provided the title compound as a white solid (0.3 g, 15%).

B 2-{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyl]-3H-benzoimidazol-4-yloxy}
B-D glucopyranoside 7: The title compound was prepared in the same
manner as described in Parts B through G of Example 5 substituting
compound 5a with 7a prepared in the previous step. "HNMR (300MHz, .
Aceton-d6) 8 7.71 (s, 1H), 7.32 = 7.29 (m, 1H), 7.09 — 7.04 (m, 3H), 6.87
(d, J = 7.98 Hz, 1H), 6.58 (d, J = 8.14 Hz, 1H), 5.24 (d, J = 7.5 Hz, 1H),
4.79 — 4.75 (m, 2H), 4.59 — 4.45 (m, 5H), 3.89 (d, J = 11.95Hz, 1H), 3.77
—3.54 (m, 5H), 3.16 — 3.08 (m, 4H) MS: m/z (MH") 443.



with 6a followed by treatnment with

2,3,4,6-tetra- O acetyl - a-Dgl ucopyranosyl brom de as
waoelewsnitzezrl in Part F of Exanple 1. 1HNVR (400MPET/US2004/024673

CD30D) d 7.17 (d, J = 8.385Hz, 2H), 7.03 - 6.98 (m

2H), 6.84- 6.78 (m 3H), 5.14 (d, J = 7.7 Hz, 1H),

4.37 - 4.26 (m 2H), 3.90 E&ambleSlZ 1Hz, 1H), 3.76

(s, 3H, 3.73 - 3.69 (m -343(

3 243~( 4Et99| tqmzym-memyl w@eomldazd-4 E‘I@éﬁﬂBeD'/

églf% hydr o- benzof ur an-5-yl ) -et hyl ] - 3H benzoi
r2n PYA! } b-D gl ucopyranosi de N=\ HO A
(

[2-(2, 3- D hydr o- benzof yran-5-yl ) -
phenol 7a: A mxture of the 2-Ag
1.0 g, 6.6 nmmol), (2, 3-Di
5-yl)-acetic acid (1.07 g, /6.
Med. Chem 1986, 29, 2326)
hydrate (3.0 g, 19.5 nmo

1- ( 3- di net hyl ani nopr opyT) - 3- etthyl car bodi i nde
hydrochl oride (3.73 g, 19. m\\dﬂw dry DM (10 m )

sthyl am no] -3-nitro
- 3-ni trophenol

of ur an-

Dunn, et. al. J.
Hydr oxybenzotri azol e

was stirred at RT overnight, | poured into H2O (80 m _)
and extracted with Et QAc ( +80om.) . The conbi ned

Et OAc extract was washed w thggrine, dried over
MyS(c)4, filtered and concentrated to give a crude

oil. Columm chromét ography provided the title conpound
as
t k24 InethyBherd)-b ide 8a: T lution of
?\?bg @qglﬂl fben%o?u@ a%r@S yenzamlhel ]a S&abg%lzjollono

m daz cd)lzl\merblaﬂy}avbﬂa[blg Pusmpo-amosthgpheno t48.Y enmol) and
co oun

o el o o MRal T B JRRE Ehicheguint Fifés
COWOHQQ%%Q E!\ﬂhs/hbér@zow enarigd ;Im hhmwvenmg)ﬁrspwise The

1HNWVR VHz, ~ Acet on- d6)
(m 1|=esult‘mg)m|xtur73 ¥as §hﬁre<3|a} RTefos hours poured into water (100

mL) and layers were separated. The methylene chloride layer was
washed with dilute HCI solution then again with H.O and dried over
MgSO,. The mixture was filtered and concentrated to dryness to give a
semi-solid. Recrystallization from hexane provided the titie compound in
quantitative yield as a solid.

B 4-Ethyl-N-(2-methoxy-4-methyl-phenyl)-benzamide 8b: Methyliodide (1.2
ml, 19.2 mmol) was added dropwise to a mixture of 8a (4.0 g, 15.7
mmol), prepared in Part A, and potassium carbonate (5 g, 36.2 mmol) in
DMF (20 mL). The resultant mixture was stirred at RT for 6 hours and
water (60 mL) was added. The aqueous mixture extracted with Et,0 (2 x
60 mL). The combined EtOAc extracts were dried over MgSOs4,
concentrated in vacuo and chromatographed (silica gel; 3% EtOAc in
Hexane) to provide the title compound (3.58g, 85%).

C N-(5-Bromo-2-methoxy-4-methyl—phenyl)-4-ethyl-benzamide 8c:Toa
solution of 8b (3.58 g, 13.3 mmol), prepared in Part B, and iodine ( 3

crystals) in carbon tetrachloride ( 100 ml) was slowly added bromine (



d, J
d, J
P905/9
H) ,
[3

7.98 Hz, 1H), 6.58 (d, J = 8.14 Hz, 1H), 5.24
7.5 Hz, 1H), 4.79 - 4.75 (m 2H), 4.59 - 4.45
423.89 (d, J = 11.95Hz, 1H), 3.77 - 3.BAI/{J83004/024673
16- 3.08 (m 4H) M32 mz (M#) 443. Exanple 8

4- Et hyl - benzyl ) - 6- met hyl - 3H- benzoi m dazol - 4-yl ox

3.
] bé%' gim' I%h Ad
HE QR dition 100 ml of carbon tetrachloride was
-Et hyl - N-( 2- 4- et hyl - p eny%? benzam de 8a;_To
[

a sol addexhand ttm)mmﬂtmga@ugneaemnl sistes! at RT for 6 hours. The

2- Am no-5 th 0
triet Wtﬁﬁnﬁ@S#B A‘rﬁf?)(ﬂ?m %Jﬁﬁgt% ene40I(1)I i de
( 801&&:\4@?0@1@&%&(260%!) wW2Rgdddd ahd wyleakew(ere?séparated The

7 mmol ) dropw se. The resulting m xture vva§ stirred

at RTofgani@layeuwes washedavithsaturaied NaH@Bs il x), dijegl over

ot BN BRI A o B P e R AEnd o whic
H2O aggdlidipicdicowas d\o@ﬁqlte&edwm néxdner andvssldted byrfitdation to

and concentrated to dr s t ve a sem -solid.
Recr y¥iel thetifls QﬁmP‘P‘ém%/ @%25)\,. ded the title

COQhW%{b}ﬂﬁ@@gﬁ(@V@ n’}%’%ﬁYIdZ ﬂg%cfl‘ﬁ)ﬁéﬂa)éng ae%yl benzamlde 8d:
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A maﬁtagr o okt dar G Rallor s e (et SormariihPrpaiqcy Part

B“fﬂ EE%H’tﬁI? Tﬂb)Féél!IﬁngVﬁﬁxtEFé Wa%dstlﬁ‘ed%'f J @@ fd&r 11 minutes

hours and wat er . The aqueous mxture
extraﬁterdat/\Rii'rforEile(uztes%@ H:L@ (3(Tﬁ"d ) wastAdded. Eneselid

extract d d

and cRroRTUGS de Gofcte O TetiorSSRERR Bt jehulkaa
to pr g Yéskeire e pidvid e theofrossrap6an G 893 8578 %)@s an off-white
N- ( 5- Br ono- 2- net hoxy- 4- net hyl - phenyl ) - 4- et hyl - benzam d

e 8c: sPlida sol ution of 8b (3.58 g, 13.3 mmol),

P etr At oA aBE TR AL oo SR h iR 408
M, 1léofutiomuf)ed @2 agditinarol)l @oepdredfin Parbidnand cho3 059,

tetrachl ori de was
3.6 mmol) in ethanol was hydrogenated over 10% Pd/C at 40 psi of

‘§II I

(
(
wa@
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hydrogen pressure for 6 hours. The catalyst was filtered off through
Celite and the filtrate concentrated in vacuo. The residue was diluted
with EtOAc ( 30 ml), washed with H2O (1 x 30 ml), and dried over
MgSO4. The mixture was filtered and concentrated to provide the title
compound (0.728 g, 83%) as a solid.

F N2-(4-Ethyl-benzyl)-3-methoxy-5-methyl-benzene-1,2-diamine 8f: To a
cold (0 °C) solution of 8e (0.69 g, 2.4 mmol), prepared in Part E, in dry
tetrahydrofuran (25 mL) was slowly added borane tetrahydrbfuran
complex (1M solution, 4.8 mL). The reaction mixture was stirred at RT
for 6 hours, cooled to 0 °C and 1N NaOH solution (1.5 mL) was slowly
added. Water (5 mL) was added and the mixture was stirred at RT
overnight. The mixture was diluted with water (25 mL) and the aqueous
mixture extracted with ethyl acetate (2 x 30 mL). The combined organic



added and the resulting suspension stirred at RT for 6

hours. The m xture was poured in a 10% sodiumsulfite
wa@odoaoinm2 (400 m ), dichloronethane (200 m ) weST/asmed024673

and | ayers were separated. S¥he organi c | ayer was

washed with saturated NaHCO3 (1 x), dried over MgSHAH,

filt epgeb@s dvereneRNetatittbrims afrigdecheredgPOgseancentrates and

white solid product was precipitated wit
i sol ace@niatogiaphed(siina g6, ﬁt%/'f'ﬁ@fﬁ t1|£ %@ﬁﬁ%@ﬁgmd the title
(3.1
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0 0oC utes then at m nut es and H20
(30 n‘rﬁlxmm waddehted mea 480i°C @it b@hhp‘ot athesirswthes cooled to RT.
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press e‘%&el‘[?éd f P4 & th@ﬁhclabﬂi‘kéfnpl‘@s subktieiiag c@frfpound 1e

t hr oug te and the trate concentrated in _vacu
The r ewthd8e 'MEMRI{4000idz T DEODY) G403 (K01, ¥V, 21Na§h*e4j(m 5H),

i ST 8l e e B oDl 507 e

title co '7Rfi“ {13), 3288 9.3.83 daﬁ-azsszdJ-Fzsz 1H), 3.66 3.71
N2- ( 4- Et h ggnz -3-neth o;(%a met[g -benze
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Example 9
2-{3-[2—(4-methoxy—phenyl)-ethyl]-3H-benzotriazol-4-yloxy}-[3-D-

glucopyranoside

OH

HO
OH

A  3-[2-(4-Methoxy-phenyl)-ethyl]-3H-benzotriazol-4-ol (9a): To a cold (0°
C) mixture of 5e (0.49 g, 1.9 mmol), prepared in Part D of Example 5, in
a 3N HCI solution (20 ml) was rapidly added sodium nitrite (0.152 g, 2.0

mmol). The resulting mixture was stirred at 0 °C for 1 %% hour, neutralized



tetrahydrofuran (25 m _) was slowy added borane
tetrahydrofuran conplex (1M solution, 4.8 nlL). The

WO e@soinm2 mi xture was stirred at RT for 6 hourBCT/TSmO€0R4673
to 0 OC and 1IN NaOH solutiéh (1.5 nmL) was slowy
added. Water (5 nL) was added and the m xture was

Stirr &3 Wih QW@NHCQmandeil%téﬂ WitH HB 0N 6hi ) flfhéqlacwebbs
wat er (25 nL wﬂﬂ)ueous m xture extracted w

et hyl mixtgteawas @ztrge@d EtGAe (2488 mbg The comblned EtOAc

v Sonex e B e R QB aE sofibortfougl # yacuo. The
Et OAc{ddpndfas buﬁfléé\by%réMa dg‘r@;byi dllhﬁ gt;elt ﬂ@"/oCEt@)@a;!rHiexane)
(0.31 g, 4699 as a white soli

1 ( 4- & pravideciheytitie-conpeunsk(D-20 getB%A)- 1

e

1. 2 mgRichpyidpodriia®) Crialitd témpoundwasfprepared by treatlng 9a
p-tol Uenesul fonic acid. The m xture was heated Iin a

120 0@ithi,3 dafi-tetfarD-3cetyhe-D-ghwepywsiosyl kromide asiiescribed in

d f
E OACh eridh ah exar ie%’ R ARMIZ 1D b oY = 812,
0. 25
(2 [ 3- (%Iﬁgﬁ benz F'Z “%727 (dl—‘lj-be7n627orlr%1 &zl;-lz)o-li-og-(le 851
y] -szg|2Hk)cﬁ1796(dp$Fo&a5$-iz Tzrrre 5i2dl (d, d snp 8z, idd), 5. 17(m 1H),

i ougtoaTh 1k e 2 TR 0 IS T sl 3 304

8 1H 8. MS? e/ (MH) 482,
g %W éééggl\/%'?e( H)Fp)s s @?6((:31 2}2!) , 1(H) )5 2.
= 15.2 Hz, ,507(arup17037Hz 1H), 3.88

( dd2 ?ﬁ-(ﬁi%ﬁ&ylgp 6 ﬁi E'éhgotp@zozl %lymg]é-;ﬁgl@: gg %ogi’de

2.63 - 2.58 (q, J = 7.45 Hz, 2H), 2.43 (s, 3H),
119 (t, J =7.62 Hz, 3H. MS: miz (MH+) 429. Exanple
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2-{3-[ 2- (4- net hoxy- phenyL ke etV benzotri azol - 4-yl
oxy}- b-Dgl ucopyranosi @
0
HO
0
OH
HO /
OH

A 1-(4-Ethyl-benzyl)-7-methoxy-1H-benzotriazole 10a:To a cold (0° C)
mixture of 3c, prepared in Part B of Example 3, (1.3 g, 5.1 mmol) ina 3
N HCI solution (40 ml) was rapidly added sodium nitrite (0.39 g, 5.6
mmol). The resulting mixture was stirred at 0 °C for 2 hours, neutralized
to pH 6 with 3 N NaOH and diluted with H2O (100 ml). The aqueous
mixture was extracted with EtOAc (3 x 60 ml). The combined EtOAc
extracts were dried over MgSQy,, filtered and concentrated in vacuo. The
residue was purified by chromatograpy (silica gel, 10% EtOAc/ Hexane)

to provide the title compound ( 0.69 g, 51%).



OH A
3-[2-(4- Met hoxy- phenyl ) -ethyl]-3H benzotri azol - 4-ol

W@ d@pn12pe2 a cold (0 C mxture of 5e (0.49 g, BCBUS2004/024673
nmol ), prepared in Part D & Exanple 5 in a 3N HC
solution (20 mM) was rapidly added sodiumnitrite
( 0.B153-(4-EthyldbenmylH3H- bIeBZ®t§l§ZD|r41@@19(bx:f\l§H%’fUKﬁ§f §Par peepared

o B0 2t BB BB AL o

was exyseciHfd Mhrbh tblefwidé %1 M éiﬂ)utlﬂrﬁ in G\HgCIgo’rmnﬂ.edNas sIowa

Et OAc extracts were dried over , tered and
conceadd@i ekhe reagtion dixtpre V\faésﬁt'ﬂr@é’ %g%& qrj Eymiutes then

T TR, AR TSy SR AR Ko v

2-{ 3- E8fidn P(@@ 2}(@&1@@&&% atdpwige followed by ice Hz0 (20 mL). The
3H benzotri azol | ox Dgl ucopyr anosi de ((9 The
I

titl ed@bm@meawmwasé@apéa wdﬁ Chg Pggssreind the

e PR PR Basd R esapy ganil) memaned

E&DS@E@AE e&&a(:’dwaé was&eﬂizm-l‘lzbrlrjfb-l)dne'd @Ear(l\ﬂgSGM ang. 1
Hz %%ncqpt@eé P9 ye_thg tge@m%ﬁd @758{% év%’syfd?(}%@%?%
12} (% l%‘tﬁyé—géné{[g-BH}e%%o(rfﬁgoilhbygo@}-g}aD(@ucép%rré%Qae 10c:

3 46( rno a'3‘sblut|6n 2810b3.024 g( h5&Hmol)Vprepdred (inMRert B3ip. MeOH

215 6110 Eilr)wa%%%%%ﬁ fthisin byAmsids (42 944 gappD and the

b-D- gl % M RTHR,
i i fer 5 min, the solution was evaporated to
1- (4 ﬁﬂp benzéq “net hoxy-1 H- benzotriazol e 1Oap To

ha col :djglgas@) zw;qr,amara}o Scetybmc@}ghmiayrarmvt bwngee (3.25 g,

(a0 1o himwneliias Jokidcater bR T fasigus gD g2 HaLy After

mml ) stlﬂ}fﬂ fh%%h&fi&gn{ﬂtﬁFé'éﬁRmeﬁﬁlghf P taisilin @arberate ( 2.2
g, 1.58 mmol) and MeOH (5 mL) was added and stirred at RT overnight.
The resulting solution was poured into water (50 mL) and the product
was extracted with EtoAc (3 x 50 mL), ether was added and the organic
extract was washed with water (4 x 50 mL) and brine. The combined
extract was dried over MgSQy, filtered and concentrated in vacuo. The
residue was purified by chromatography (silica gel, dichioromethane:
methanol, 97:3) to give the title compound (0.1 g, 15%) as a white solid.
THNMR (300MHz, CD;0D) § 7.60 (d, J = 7.78, 1H) 7.29 (m, 4H) 7.14 (d,
J =8.09, 2H) 6.17 (d, J = 15.04, 1H) 6.01 (d, J = 15.06, 1H) 5.16 (d, J =
7.70, 1H) 3.90 (dd, J = 1.95, J = 12.13, 1H) 3.68 (m, 2H) 3.51 (m, 3H)
2.59 (q,J =7.64,J=15.19, 2H) 1.17 (t, J = 7.59, 3H). MS: m/z (MH")
416.



to pH6 with 3 N NaOH and diluted with H20 (100 m).

The aqueous m xture was extracted with EtOAc (3 x 60
worRgo5/0T42¢2 conbi ned Et QAc extracts were dri ed ORET/US2004/024673
MySO4, filtered and concentsated i n vacuo. The residue

was purified by chromatograpy (silica gel, 10% Et QAc/

ﬁbgm@lcé@@wége the title conpound ( 0.69 g, 51%.B
hyl - benzyl) - 3Hbenzotri azol -4-ol 10b: A m xture

of 10a, prepared in Part EXAMPA&E & 2 58 mmol) in

di chl oronet hane (20 m _) was cooled to - 78 C and
boron tribromde (1M solution in CH2CI 2; 10 nlL) was
slow y added. The rejgdtefialsrantd Methoals stirred at - 78
OC for 30 mnutes then slowy warnmed up to RT and
stirred at RT for 24 hours. A 1IMHC solution (20 nli)

?F’?ﬁf%?ﬁﬂ‘eﬁmw S bmgmdﬁseemwm/xg antl)conStraction of
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Hemanreain SMeusien sers T aainman Sobkl GONA (§ghRask
ng?g@}gg%r%man ﬁéﬁ%nﬂﬂﬁnf@%ﬁﬁ@d Hiintdh 8EL, cDNA

concentrat e give the title
gEQQHMIOMQSMQ)/th elwneal fran (rmmﬁargkldm% Both full cDNAs were

Et hyl - b |)-3HDb t | - 4- vyl z
Bubslaned 59 PERDG a0 ’feeueac?.edé" s s rigordi it inepoopsguct
1d38drrlrmltz] prepared in Part B, in MeOH (10 L) was
adde [ | 0.42 1.74
GonetiooLREO T FrBaaty pipresyuracr sGTT) h oS8T
W&w@é‘é&ﬂﬁf@ﬁ@ﬂd—m S 0ss- pe&‘fo’ﬂmdajstneg DMIR}E&CerEyagent (Life
a- D- gl ucopyr anosyl brom de

dedbolagiesr Caithatsbisd tMe)r Egaraﬁj%ctaﬂtsmﬁe(tfﬁn n'Q@JéN??@ fnethe

Ekés}iw'gg T hBGic g‘é‘(lﬂg' & ibes- %%ﬁraﬂ}ﬁélﬁhghm&t 400 ug/ml.

Maivivas ddesiwens!tifdd chiedciiz&d uev@"meghncnom assay described
resulting solution was poured into water (50 nL) and

eowr oduct was extracted with EtoAc (3 x 50 ni),

et her was added and the organic extract was washed

wth water (4 x 50 nL) and brine. The conbi ned

Cell-based assay for sodium-dependent glucose transport: Cell lines stably

expressing human SGLT1 or SGLT2 were then used for functional analysis of
Na+-dependent glucose uptake. Briefly, cells were plated at a density of
65,000 cells per well in a 96-well plate and allowed to grow for 48 hours/ Cells
were subsequently washed one time with Assay Buffer (50 mM HEPES pH 7.4,
20 mM Tris, 5 mM KCI, 1 mM MgCl,, 1 mM CaCl, and 137 mM NaCl) and
treated with compound in the absence or presence of NaCl for 15 minutes.
Cells were then labeled with *C-a-methylglucopyranoside (AMG, Sigma, St.
Louis, MO), a non-metabolizable glucose analog specific for sodium-dependent
glucose transporters as previously described (Peng, H. and Lever J.E. Post-
transcriptional regulation of Na*/glucose cotransporter (SGLT1) gene
expression in LLC-PK1 cells. J Biol Chem 1995;270:20536-20542.). After 2
hours the labelled cells were washed three times with ice-cold PBS. After

aspiration, cells were solubilized using Microscint 20 (Packard, Meriden, CT) |



extract was dried over MgSOH4, filtered and
concentrated in vacuo. The residue was purified by
wa@ boostoex2eyr aphy (silica gel, dichloronethane: PEL/N82004/024673
97:3) to give the title cospound (0.1 g, 15% as a
white solid. 1HNWR (300MHz, CD30D) d 7.60 (d, J =

and Ya-d&Perde {CrAME)uptaleéwid quaintfiéd 09 medduriglradicdctivity.
3 =15.04, 1H 6,01 (d, J = 15.06, 1H) 5 16_(d. J =
Plates weie courteq iia TopEouny §ackard, Mefiden, 1 ). Reaulisgre

e g e b ortiydfic @farment
Biagibbilityclar thexfmetiesal ds¥alyMds typidallywithirs2@1%. Met hods

C oning of the human SGLT1 and human SGLT2 cDNAs and
construction of the mammal i an expression vector: The
human SG.T1 cDNA (GenbankpgMR4f# | owas cl oned from

human smal |l intestine. Human SGLTZ cDNA ( Genbank
MD5549) was cl oned from human ki dney. Both full cDNAs

were subcloned into QPNA and s ced to verify the
integrity of the coﬁgt H\ﬁ%t‘oﬁss@é{r@?ﬁﬂ%@( CHO- K1 cells
stably expressing human SG.T1 or human SG.T2:

Tr ansipqtiZiekef DiddetiKF 9! (ZDF)eatsH@ S weeks) weiegbtained from
DMVRI E- C reagent (Life Technol ogies, Gait hers/bur , IYD)
dadkowe

Thanlesdiivant Animale were Majstadtaden Anl 3-heurpitd In a
i%pﬁ@th%—%rﬁﬁqll\%ﬁéﬁgﬁg Rﬁiﬂi%eréybf\‘/%gnécféﬁtﬂﬂﬁn a%ssglg food

( \ clones were aracteriz
ystaRgatd@denn dist Pusiha £008Y add seatehelnivedls werEéasted doretl
assay for sodi um dependent gl ucaose trans%ort:

Ihowes; peeris ipitialiph &8 §engXRRi Ents @ ihe,m ??fm%lgk??{gﬁe”ti
SRl eyl BRI GERHAS (0.5 Sy RRAGKEBTbr SpOGAd by
@balafRiragel (M mlfxg). Akt on@ haug@nimbls neceived andoral glbigese
tc%aﬂ(rar?é,\(la E4o Fnl/ﬁg o?%l(ﬁt’/? /solgﬁglh)sand were immediately placed in
metabolism cages. Animals were given free access to water and urine was
collected for 4 hours. Urinary glucose was quantified using the Trinder

Reagent (Sigma).
EXAMPLE 3

Effects on Plasma Glucose, Plasma Insulin, Plasma Triglycerides, Plasma
Free Fatty Acids, Liver Weight, and Body Weight

To examine the effect of an SGLT inhibitor in combination with an RXR
agonist, female db/db mice (6-7 weeks of age/Jackson Labs, ME) are treated
daily for 11 days with vehicle (0.5% methylcellulose), an RXR agonist (0.1 -10
mpk (mg/kg)), an SGLT inhibitor (100 mpk), or an RXR agonist plus SGLT
inhibitor. Mice (n=8 animals/group) receive the test compounds or vehicle by
oral gavage in a volume of 10 ml/kg of body weight. Body weight is recorded
on day 1, prior to dosing, and days 4, 8 and 11. Eighteen hours after the final



wer e subsequently washed one tinme with Assay Buffer

(50 MM HEPES pH 7.4, 20 mM Tris, 5 nMKC, 1 nM MyC 2,
wa2esoCa@ 2 and 137 nM NaCl) and treated w th POTIPS2M024673

in the absence or presence3’®f NaCl for 15 m nutes.

Cells were then | abeled with
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Sxd Fres Ty atids L LivdrKare ekéised Jwighbd Gmelrfrazess ;
270: 20536-20542.). After 2 hours the | abelled cells

were washed three tines with ice-cold PBS. After
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(Packar I'den, ent 14C AMG upt ake
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t ed
SReorepema My Blsma Res HbAcEs TdesriiobEales or a
{;&%frﬁagl%%éeé%f P BBé\éweé(’cy% llcﬂ@éﬂ ddrﬁéeﬁﬁétuéﬂi@of an RXR

unc nal assay was typically wthin 20 % EXAMPLE 2
hgoMst/whés giverf iorcoffifinatioy withian SGtikdnhibitemetlinerefate, @

8 Kk
v S e Cpaenbp s pad onetect A PR ezt ndne
G¥EVE p thrﬁet‘é%"Eéﬁ bbb ReEppareht. ad addiion, H Walgintgameobserved
gl ven a bitum access to food (st andar d r\(’)\‘%ent di e

Falioiwiag Beeameranutmae@ ag@pipipep ées;sepr@npa@,@% &P 91»23" Puith the

Sostr IR, fiffoe SGiPibRitcP crioBERSE WE inark blcidion of

@?&g@b%rﬁﬁoﬁ 2] Baglf‘l?éé ?egﬂntheowy i rdemmnlmimaheid by redudtion in
S ovight Gaity Al TeE PTG BPTeGoRraaIdle AUty sitdesis. the
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were g ree access to r and urine was
wih REReaydnists £ahduer less pronmaungegdlarabsentad rgdaetianeindbe

lg:asnlwonﬁgnt o?%nTéXIQ agonlst necessary to achieve efficacy in turn improves the
side-effect profile. The decreased side effects can include such conditions as
fatty liver, increased liver weight, body weight gain, heart weight gain, edema,
cardiac hypertrophy, hepatohypertrophy, hypoglycemia, and hepatotoxicity, or

any combination thereof.
EXAMPLE 4

Effects on plasma Glucose, HbA1c, Hematocrit, Plasma Insulin, Plasma
Triglycerides, Plasma Free Fatty Acids, Total Cholesterol, HDL, Plasma
Drug Levels, Liver Weight, Heart Weight, Fat Content and Body Weight

To examine the effect of an SGLT inhibitor in combination with an RXR
agonist, male ZDF rats (6 weeks of age/GMI) are treated daily for 28 days with



Reagent (Sigma). EXAMPLE 3 Effects on Plasma d ucose,
Plasma I nsulin, Plasma Triglycerides, Plasm Free

wo-ad05p122¢2 ds, Liver Weight, and Body Wi ght ToPEREAI0€024673
the effect of an SGT inhilPtor in conbination with an
RXR agoni st, female db/db m ce (6-7 weeks of
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ce are the retro-orpital n nct

.wm@h@d pud ﬁ@satheﬁzgféwtbdi%%rgpéﬁé Ao arferugled by retro-
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leérh abive\e Igglt@éeaméllénga (=21g/k'grmo)3éhc'1“ are plagieddn snetabolism
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‘aﬁ"ﬁ%g'ﬂ‘é@ Pafs IR hd fgatts fro SIAST wididifed ahd frozen for
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5, RRIRAGTBehdsy eUfine vefunes nefurinarRyiBcegonproteimosmolarity,
e above ﬁar aneters can becone apparent. In addition,

teﬂecttmjytgat( gaKn Coo B4 end fcopatininegra megsHEt with RXR
agoni sts is | ess pronounced when given with the SGT
inhibitor, since SGT inhibitors' pronotion of the

ur i narphee8oLat inAbitofs ghdl BOER agonistsoissvendistiattaneetsarfisramof

AN LA E AL CCTE TR REIR § O
’Blhé*os%! ll”b%fcsplaté?ﬁa insulin, or plasma triglycerides, or a combination
thereof, can be observed at lower concentrations of RXR agonists when given
in combination with an SGLT inhibitor. Therefore, a leftward shift in the dose-
response curve for effect of RXR agonists on the above parameters can
become apparent. In addition, the weight gain observed following treatment
with RXR agonists is less pronounced when given with the SGLT inhibitor,
since SGLT inhibitors’ promotion of the urinary excretion of glucose and loss of
calories from the body is demonstrated by reduction in weight or weight gain.
Also, since SGLT inhibitors promote a mild diuresis, the edema (and the
edematous weight gain) commonly observed after treatment with RXR agonists
can be less pronounced or absent. This can be demonstrated by a reduction in
the RXR agonist-induced increase in heart weight. A reduction in the amount
of RXR agonists necessary to achieve efficacy in turn improves the side-effect

profile. The decreased side effects can include such conditions as fatty liver,



edema (and the edemat ous wei ght gain) conmonly

observed after treatnment with RXR agoni sts can be | ess
w@e@sowrerd or absent. A reduction in the anouPCT/0520841024673

RXR agoni st necessary to achieve efficacy in turn

I nproves the side-effect profile. The decreased side
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Body weight is recorded on day 1, prior to dosing, and
twice a week for the duration of the study. On the day

o i or Thest Btrbhfidd dFHb‘é?es whimjlérl;ﬁwpé Asfigsbtoy aallitghtor

One hour after the final dose, rats are wei ghed and
Slyadltdme Xz accomh paurcaol kermuta (80 jn combinagips WIW%P@WOW

BP0 RS, SRATHS KR Bl Rl 8y
e css @rrfd]@édeétgﬁprﬁsang/a@gnmst@nn@rrépeamdmrateobemof the
nmet'abol i sm'cages for the urine_ collec 4 hou
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dosayesl The chhmceﬁeotlvﬁmusage|fnsahmmabeimmgemis idisclosed herein

nllaaystr)rg rgédlf% c!e(?[grenklﬁed tﬁos l%hgc? ért '5|ased on%?arﬁo% Hydosage
guidelines. In particular, such combined administration can be effective to
accomplish reduction of body weight, body weight gain, liver weight, or liver
weight gain in the subject.

Additionally, a method comprising (a) administering to a subject a jointly
effective amount of a glucose reabsorption inhibitor; and (b) administering to
the subject a jointly effective amount of an antidiabetic agent such as an RXR
modulator can be used to reduce body weight, body weight gain, or liver weight
of the subject in need thereof, wherein the combined administration can be in
any order and the combined jointly effective amounts provide the desired

therapeutic effect.



acids, and triglycerides. Uine volune and urinary

gl ucose, protein, osnolarity, electrolytes (Na, K,
wW@R)o5/0BI2 and creatinine are neasured. The SGACT/US2004/024673

i nhi bitors and RXR agoni st $1have di stinct nmechani sns

of action. Inproved glycem c control, neasured as a
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Table 3
CHOK-SGLT1 CHOK-SGLT2
EXAMPLE # IC50 (uM) IC50 (uM)
7 0.70 0.038
4 112 0.016

8 1.12 0.061



reduce body wei ght or body weight gain as well as
liver weight or liver weight gain, conpared to
wa@odiwsnizez ati on of one or nore RXR nodul at or s BCDOE2004/024673
Thus, for treating diabete$? particularly Type |
di abetes nellitus, or Syndrome X, a conpound of
Formula (I11) in conbination with one or nore
antidi abeti§ agents, sai¢hinas@ahp®XR agoni st G.3ch
increases insulin sensitivity, nmay be enpl oyed
conprising adm nistering repeated oral doses of the
conpound of 2For nul a (135% Inhr@1%eMr ange of atb®®425 to
1000 ng once or twice daily and repeated doses of the
anti-di abetic agent or agents at jointly effﬁ%éjve
dosages. Th8 jointly ef¥ebhi@EWsage for antidi abetic
agents disclosed herein may be readily determ ned by
those skillgd in the art bas standard d e
guidelines.gln particuﬂéﬂwmgggﬁﬁgonbined Re
adm ni stration can be effective to acconplish
reduction of body weight, bgdy weight gai, ]
wei ght, or ﬁiver wei ght gaig in the SuijQZ]&L&ﬁbuM
Addi tionally, a method conprising (a) adm nistering to
a subject agjointly effectige anount of agglc@se um
reabsorption inhibitor; and (b) admnistering to the
subject a jointly effective anmount of an antidi abetic
agent such g5 an RXR nodul @B9r can be used t@0O&duce
body wei ght, body wei ght gain, or liver weight of the
subject 1n need thereof, wherein the conbi ned
adm ni stration can be in any order and the conbi ned
jointly effective anmounts provi de the desired
therapeutic effect. Also, a nmethod conprising (a)
admnistering to a subject a jointly effective anount
of a glucose reabsorption inhibitor; and (b)
adm nistering to the subject a jointly effective
anount of an anti di abetic agent can be used to control
body wei ght, body wei ght gain, |liver weight, or |iver
wei ght gain of the subject having di abetes, Syndrone
X, or associated synptons or conplications, wherein
t he conbi ned admi nistration can be in any order and
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the conmbined jointly effective anmounts providing the
desired therapeutic effect. Optimal dosages to be

wa@cdisniztered may be readily determ ned by t hoBET/US2004/024673

skilled in the art, and wileB vary with the particul ar
conmpound used, the node of adm nistration, the
strength of the preparation and the advancenent of the
di sease condition. In addition, factors associated

wi t Whehis glaimeddsil ar patient being treated, including
patient's sex, age, weight, diet, tinme of
adninistration and concom t ant diseases, will result

i n the, nkednipouadjofsornauiagd®s. Wil e the foregoing
specification teaches the principles of the present
invention, with exanples provided for the purpose of
illustration, it will be unﬁeLstood that the practice
of the invention enconpasses aN~0f the usua

vari ations, adaptations and/or/ nodi\Lcqatipns as cone
wi thin the scope of the fol | e®g/clains and their
equi val ents. Table 3 CHXX- S K- SG.T2 EXAMPLE #
IC50 (uM 1C50 (uM 0.70 O. 12 0.016 8 1.12
0.0615 61% Inh. @O0 nM @ 365~2785%hnh. @O nM 0. 334 9
40% I nh. @O0 nM 0.39 3 1% I nh. 1.02 1 0 31%
”%8 0. 008What is

clained is:

OH

wherein:

Xis CH, N, or C=0;

R, is H or absent;

Rz is H, F, Cl, OCHz, OCH,;CHj3 or C 14 alkyl, CF3 SCHs, substituted or
unsubstituted phenyl and NR3Rg;

Rsand R4 are H, C1 alkyl, or taken together with the nitrogen atom to which
they are both attached form a 5-6 membered heterocyclyl with optionally 1-2
additional heteroatoms independently selected from O, S, and N;

Q is -(CH3)y- where nis 1 or 2;

P is H, C 1.7 acyl, or (Cq.¢ alkoxy)carbonyl; and

Z is substituted or unsubstituted, and is selected from C 3.7 cycloalkyl,
phenyl, 5- or 6- membered heteroaryl having 1 or 2 heteroatoms
independently selected from N, O, and S, a biaryl, and a 9- or 10-membered

fused bicyclyl or fused heterobicyclyl, wherein said fused heterobicyclyl has



1. A conpound of formula (I111): NQZ OH (I11)
wherein: LOX is CH NIO C=O R is Hor absent; R2
WO 30054018242 CI , OCH3, OCH2CH3, or C - al kyl, CF3p8CHS2004/024673
substituted or unsubstituted phenyl and NR3R4; R3 and
R4 are H C .6 alkyl, or taken together with the
nitrogen atomto which L5 they are both attached form
a 5-6 nmenbered heterocyclyl with optionally 1-2
addi ti onal heteroatons i ndependently selected fromOQ
S, and N, Qis -(CH2)n- where nis 1 or 2; Pis H C
1-7 acyl, or (C|.6 alkoxy)carbonyl; and Z is
SUlb%tWééﬁ ¢ chrer4 héﬁ#@@tbhtﬂhddper@d‘ehtlysset@dtedtfr@m \; @nand S; ora
3.7 cycloal kyl , 20 6- nenbered.
heiPéﬁHﬁﬁWUtl%UVﬁQCQPtéUezsﬂb FQ%ftorrs i ndependent | y
selected fromN, O and S, a biaryl, and a 9- or
10- nenbered fused bicyclyl or fused het er obi cycl ylI ,
wher e n Asedrdpbuse of blefreriobineyeinyR' isdsbeabeent. 1 and 4
het er oat ons 1 ndependently selected fromN, O and S;
or a pharmaceutical® acceptable salt thereof. 2. A

corrpoglﬂg\ gcfgmg%)@h@o@cl melr HHer&h R25|s|1il %eﬂ@ﬁ%ﬁ‘teth)ﬂ A

conpou aiml efein R2 is H nethyl,
ethyl. 4. A conmpound of cla|m1 wherein Qis - (CH2)-

ndepindsrempoutaer PRI e FiniR R st ida® 1

substituents independent I y selected from C al koxy,

phenoxy, C 1.4 alkyl, C 3.6 cycloal kyl, halo h%dr,oxg/, )
cyano. @nbampoand of cfa|m1 wherein Z is independently substituted with

between 1 and 3 substituents independently selected from C 14 alkoxy,
phenoxy, C 14 alkyl, C 3¢ cycloalkyl, halo, hydroxy, cyano, amino, C 14
alkylthio, C 14 alkylsulfonyl, C 14 alkylsulfinyl, C 1.4 aminoalkyl, mono- and
di(C 14 alkyl)amino, phenyl, C1.4 alkylaminosulfonyl (SO2NHR), amino-
(alkylsulfonyl) (-NHSO2R-), C1.4 dialkylaminosulfinyl (SONHRR), C 1.4
alkylamido (NHCOR), C 14 alkylcarbamido (CONHR), 5-6 membered
heterocyclyl containing between 1 and 3 heteroatoms independently
selected from N, S, and O; and wherein the substituent(s) on Z can be
further independently substituted with between 1 and 3 substituents
independently selected from C 1.4 alkoxy, C 1.4 alkyl, halo, hydroxy,

cyano, amino, mono or di C 14 alkyl amino and C 14 alkylthio.

6. A compound of claim 1, wherein Z is 4-substituted phenyl, 3,4-
disubstituted phenyl, benzhydryl, substituted or unsubstituted thiophene,
biaryl, benzofuranyl, dihydrobenzofuranyl, 4-substituted pyridyl, ,
benzo[b]thienyl, chromanyl, benzothiophenyl, indenyl, indanyl,
naphthyl,or 2,3-dihydro-benzo[1,4] dioxanyl.



alkylthio, C 1.4 alkylsulfonyl, C 1.4 alkylsulfinyl, C
1.4 am noal kyl, nono- and di (C 1-4 al kyl ) am no,

w@b@sph224C- al kyl am nosul fonyl (SO2NHR), am noPCT/US2004/024673

(al kyl sul fonyl) (-NHSO2R-) 65C1-4 di al kyl am nosul fi nyl
(SONHRR), C i _4 al kylam do (NHCOR), C al kyl carbam do
(CONHR), 5-6 nenbered heterocyclyl containing between
1 and 3 heteroatons i ndependently selected fromN, S,
and G and wherein the substituent(s) on Z can be
further independently substituted with between 1 and 3
substituents i ndependently selected from C al koxy, C

1-4 af ky corhpbind biyclam ¥, whgeein Z isrdnsabstitoted or smbstmted with
1.4 alkyl amno and C 1 alk%pthlo 6, A CoQ

ol i rhavennc aih 2 BubsUERis BEPPaR R M AHSHET TGN methoxy,
di sub h I bg{,

oSO 1A, PR U oroBl i) ki
dlhydrobenzofuranyl 4-substituted pyrldyl :

benzo b]thle

i ndan$- Hgﬂw Eigl%g% Wﬁ%ﬁ?ﬁ&Qﬁ yjh]@ pry}ﬂgglyphenyl 4-
di ox !h1e7ny| heRPIPAYAF- |ﬁfud§icﬂém-ﬂ) ghfeayleur(m pyarazm -1-yl)-

unsub tituted or” substituted

sugst pher?{ht(é ethmlé;ﬁﬁufé.r(ﬁwowu)@mrwdi (ﬁrmﬁth@wnb&wl)
t : , but yl
ond 1 dyistignZonigh St of Bhlonsidiian Py, . 2N

i s bi phenyl, 4-(3-pyridyl)phenyl, A
(2-thie I)phenl 4- 1H-|mdazole1 -yl
4-(1 mﬁicm@pundoypb@mﬁhémﬁrem(&m stahn br?éﬁ%ﬁ%"' and Ry is H,

i ny o BRACRRY ar P P ot uran- 6-y1 . o

9. A conpound of clai m 1, wherein R is absent; Xis

CH and is H nethyl, ethyl, K or . .ne . 10.A .. .
corrpouﬂef’\ 6pPMEPHNFhol Cé}m&*éﬁ' r@”ié 13 —E@g—nﬂ, IS o1 Ang| R Is
2; anp,l, ﬁ]étﬁylf"orgﬁﬁlhyl or ethyl. 5

11. A compound of claim 10, wherein R4 is absent.

12. A compound of claim 1, wherein Ry is absent; Q is <(CHz)-; nis 1 or
2; and R, is H, methyl, or ethyl; and Z is 4-substituted phenyl, 3,4~
disUibstituted phenyl, benzhydryl, substituted or unsubstituted thiophene,
biaryl, benzofuranyl, hydrobenzofuranyl, dihydrobenzofuranyl, 4-
substituted pyridyl, benzo[blthienyl, chromanyl, benzothiophenyl, indenyl,
indanyl, naphthyl, or 2,3-dihydro-benzo[1,4] dioxanyl.

13. A compound of claim 1, wherein Z is biphenyl, 4-(3-pyridyl)phenyl, 4-
(2-thienyl)phenyl, 4-(1H-imidazole-1-yl)-phenyl, 4-(1H-pyrazol-1-yl)-
phenyl, (4-ethyl)phenyl, (4-propyl)phenyl, (4-methoxyphenyi),
dihydrobenzofuran-5-yl, or dihydrobenzofuran-6-yl; and Z is unsubstituted



11. A conmpound of claim 10, wherein R is absent. 12.
A conmpound of claiml1l, wherein R is absent; Qis -

w@adBpm242 n is 1 or 2; and R2 is H nethyl, oPCEURY04/024673

and Z is 4-substituted phemyl, 3,4- o disbstituted
phenyl, benzhydryl, substituted or unsubstituted

t hi ophene, biaryl, benzofuranyl, hydrobenzofuranyl,
di hydr obenzof uranyl, Asubstituted pyridyl,

benzo[ b] t hi enyl, chromanyl, benzot hi ophenyl, indenyl,
i ndanyl , naphthyl, or 2,3-di hydro-benzo[1l , 4]
di oxanyl. i 13. A conpound of claiml1l, wherein Zis

bi phegyydubstituted mithi t@@thph enamhd 2AubéBiuehtsingependently, selected
4- (1H-| m dazol e- 1-yl ) - pheny
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(4- et gg@r@ enyl) di hydr obenzof uran-5-yl, or

di hydro ofuran-6-yl; and Z is unsubst i t ut edor
substituted with between 1 and 2 substituents
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b- D- ng{Bqaxnaﬂemody-phenyl) ethyl] -3H- benzotrlazol 4-yloxy} B-D-
2-{3-[2-(4-met hoxy-phenyl) %P%Uazol ég/
oxy} - gMg@yr@@Qg%gdgT(aé\laphtha%n 2—yl ethyl)-3H-benzoimidazol-4-
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b D- gl ucopyr anosi de. compound of claiml1,
sel ected from 2-[3-(2 Napht hal en-2-yl /-et hyl) -

16. A compound of claim 1, selected from 2-[3-(2-Naphthalen-2-yl/tethyl)-
1,3-dihydro-benzoimidazol-2-one-4-yloxy]-B-D-glucopyranoside and 2-[3-
(2-(4-Methoxyphenyl)-ethyl)-1,3-dihydro-benzoimidazol-2-one-4-yloxy]-B-

D glucopyranoside .

17. A compound of claim 1, selected from 2-[3-(5-Ethyl-thiophen-2-
yimethyl)-3H-benzoimidazol-4-yloxy]-0-D-glucopyranoside; 2-[3-(4-
Ethoxy-benzyl)-3H-benzoimidazol-4-yloxy]-O-D-glucopyranoside; 2-[3-(4-
Ethoxy-benzyl)-3H-benzotriazol-4-yloxy]-0-D-glucopyranoside; 2-{3-[2-
(2,3-Dihydro-benzofuran-5-yl)-ethyl]- 6-methyl-3H-benzoimidazol-4-yloxy}
-0-D-glucopyranoside; 2-[3-(4-Thiophen-3-yl-benzyl)-3H-benzoimidazol-
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1, 3-di hydr o- benzoi m dazol - 2- one- 4-yl oxy] -
b- D- gl ucopyranosi de and 2-[3- o
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5???%@""%??3%%%22' SRV ORRBIA L B oloppyRpsiger

gl ucopyERYPBEALYl)-3H-benzotriazol- 4-yloxy] -6-O- ethoxycarbonyl-l] -D-
2-[3-(4-Ethy I-benz l)-6-net hox ?%nzm m %ﬁzg
oyl oxyylupppyrgngglgg ~{fs-Ethyl- enzyl ethyl- enzotnazol 4-

2- t Ef&ﬂ, i f1 uoronet hyl - 3Hbenzoi m dazo
| - 4 E(f/lﬁ 5 %EM%Q }%np%rdgno& de;

2-[3-(4-Ethyl - benzyl) 3Hbenzoi m dazol -

(e %eﬁwﬁ%ﬂﬁéﬂf BlatDon e letrd 0T BT T entl

rbonypa > AGRALID-8R@opyranoside; 2-{3-[2-(2,3-Dihydro-
2-[3- %e ‘W - enzyl) 6- ms? P H benzot I‘{I a[zo(l - 4- Y

yl oxybelﬁ)zdbdgﬂmﬁq@wthm@émbenztﬂmldazobﬁfpd@ﬁd oD gueppiranoside;

Z%ngﬁ? -( E?;W@?kgérggy%ﬁ%)&%&gg%%ﬁ)yIo%&?ﬂq6 glucgﬁlzrgl':osme 2-

2-13- [2e4 R . idazol-4-yloxy]-0-D-
2 e oot e o

gl ucoglpcapysingside; 2-{3-[2-(4- methoxy-phen{/?) etrtl)yl] 3H-benzotriazol-4-

§O|[o§r gpég-glyl{) gggcr:]ozaﬁlrgn sl_lldg ei‘f:?té EW thlép%ér‘?éy;ln%’(l%lth
benzoimidazol-4-yloxy]-0-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-
benzofuran-5-yl)-ethyl]- 6-methyl-3H-benzoimidazol-4-yloxy}-0-D-
glucopyranoside; 2-[3-(4-Thiophen-3-yl-benzyl)-3H-benzoimidazol-4-
yloxy]-0-D-glucopyranoside; 2-[3-(4-Pyrrol-1-yl-benzyl)-3H-
benzoimidazol-4-yloxy]-O-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-
benzofuran-5-yl)-ethyl]-6-methyl-3H-benzoimidazol-4-yloxy}-0-D-
glucopyranoside; 2-{3-[2-(2,3-Dihydro-benzofuran-5-yl)-ethyi]-6-methyl-
3H-benzotriazol-4-yloxy}-0-D-glucopyranoside; 2-{3-[2-(2,3-Dihydro-



[ 3- (4- Et hyl -benzyl ) -6-net hyl - 3H benzoi m dazol - 4-yl oxy]
- D- Dgl ucopyr anosi de;
wQ@ 240301 24% 4- met hoxy- phenyl ) - et hyl ] - 3H benzot r i BEDUS2D04/024673
yl oxy}- D- D- gl ucopyr anosi de;68
2-[3-(5- Et hyl -t hi ophen- 2-yl net hyl) - 3Hbenzoi m dazol
4-yl oxy] - D- D- gl ucopyr anosi de; :
2-{3-[2-(2, 3-Di hydrobenzofuran- 5-yl)-ethyl]-
6- met hyl - 3H benzoi m dazol - 4-yl oxy} - D- Dgl ucopyr anosi de;
-[ 3- (4- Thi ophen- 3-yl - benzyl ) - 3H benzoi m dazol -
xy] - D- D- gl ucopyr anosi de;
3- L{éI=rzBWréﬁl5-$lI) ke enzstikenrdiyibdaZoD-glucopyranoside

0
[I d

%/3 e[rgl gﬁ3ﬁ%tﬁ§%ﬁ%h§@ﬂ -3H-benzotriazol-4-yloxyl-0-D-
-yl ) S‘Eé}}wén&lggt hyl - 3H benzoi m dazol - 4-yl oxy}- D Dgl u
pyrga

-{3-[2-(2, 3- Di hydr o- benzof uran-5-yl)-ethyl]-6-nethyl -
H-

benzot r I I d
518 % phalmaes it BLeHbaTRIaR-STYYSIad AoraguskefAleim 1,5
i azol I I
> [ 3. 2T13r/:,t1 ;thg’] Ery )1%%93183&!?\%5% Epgrrﬁé‘@butlcally acceptable carrier.

benzotri azol - 4-yl oxy
] - D- Dgl ucopyr anosi de. 19. A phar maceutl cal

O3 4 Ry SR 8 SR BB plmoound o

accep&gﬂ, Q4G 4 Bharn@ébeuﬁc@"@é&@@pﬁébl’e@m@ro”’pOSl tion
of claim19, conprising a conpound of claim14 and a

phar maceutically acceptable carrier. 21. A nethod for

treating, di S . n I i [ [

acm it b Pieie £ aufhocfeies 118 el foid AR08 cBhprising
ef f ecadmmigtaBng to Qfmann’faiﬁrﬂaeedlbf trebtroemipars éfféativeafmount of a
claim19. 22. A nethod of claim 21 wherei n said

di abepRaymaseuyipal qamepsiirn escla 194 et hod for

| owering serum glucose in a mammal, said nethod

conprising admnistering to a rrarrmal in need of

t r eat P2nA naathed b cleime lanthentinafaic djsibeterisdype Haliabetes.
conmposition of claim19. ' 24. A nmethod for treating

i mpai red glucose tolerance in a mamal, said method
conpry§i Aen&ABH RbiSbReting sfurh JiRcoER m'dIm@:ﬁﬂﬁaIOfsald method

treatment an
comprising administering to a mammal in need of treatment an effective

o

_I\)OOI\JO O'Il\)-hl\)‘<l\)

amount of a pharmaceutical composition of claim 19.

24. A method for treating impaired glucose tolerance in a mammal, said
method comprising administering to a mammal in need of treatment an

effective amount of a pharmaceutical composition of claim 19.

25. A method for treating or inhibiting impaired glucose tolerance in a
mammal, said method comprising administering to a mammal in need of
treatment an effective amount of a pharmaceutical composition of claim
19.
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effective anount of a pharmaceutical conposition of
claim19. 25. A nethod for treating or inhibiting

WO paion2d2 gl ucose tolerance in a manmal , sai d PET/DSZN04/024673

conprising adm nistering te%a mammal in need of
treatnment an effective anount of a pharnmaceuti cal
conposition of claim19.26. A nethod for reducing the
body mass i ndex, body weight, or percentage body fat
in a manal, said nethod conprising adm nistering to a
manmmal in need of treatnent an effective anount of a
phar maceuti cal conposition of claim19. 27. A nethod
of cl @6mAZtiethaldefioe redusiigithedohat inans hfddxobpdym\zm?ghtndex

is a nethod for treating obesit er wei
condi PRFEN2ES DA IBA TSR T U e OB O Uiy pdministering
gl ucogg atrﬁﬁﬁﬁrﬂ]% H’t‘ BEel bf ?re‘éﬁhént &Y eBERRRI AMoSAE &F £el |

to a conpo claim1l or a nmetabolite thereof. 29.
A net pbarrheceuticehcomgoditiabef elaimr1Syndr ome X, or
associ ated synptons or conplications thereof in a
subj ect, conprising (a) admnistering to said subject

a j oi oyl % pbireRtd ¢f\/c¢a|am@ nhh@fewasﬂbu(é@@@ndregfo@dumeg@ index is a
i nhibitor of forrmula (111); and (b) adm nistering to

sai d sugthedfortreafing qJ@eSé’WfCécﬁﬂ erwrigivicopgitignsecond
anti di abetic agent, said co-adm nistration being in
any order and the conbined jointly effective anmounts

provi ¢igng ibehodedr irtibiting trepsodium gititesd traB@poﬂI’é}Gn a cell, by
met hod of claim?29, wherein the second anti di abetic

agent S%gO8IRTRRIE aelbin 3 comppungial claLbar aﬁ“%tﬁgpl'ﬁesz?fe‘)f-
wherein the di abetes or Syndrone X, or associ ated
synptons or conplications thereof is selected from

| DDM 29, BDketHd@Tor Liegling betictes on8phdrope Ky or associated

neur O%?/Fnh omrsec}rlcr(])%p{?itcgﬁéns thereof in a subject, comprising

(a) administering to said subject a jointly effective amount of a
glucose reabsorption inhibitor of formula (111); and
(b) administering to said subject a jointly effective amount of a second

antidiabetic agent,

said co-administration being in any order and the combined jointly

effective amounts providing the desired therapeutic effect.

30. The method of claim 29, wherein the second antidiabetic agent is an
RXR agonist.

31. The method of claim 29, wherein the diabetes or Syndrome X, or
associated symptoms or complications thereof is selected from IDDM,
NIDDM, IGT, IFG, obesity, nephropathy, neuropathy, retinopathy,

atherosclerosis, polycystic ovarian syndrome, hypertension, ischemia,



at heroscl erosi s, polycystic ovarian syndrone,
hypertensi on, ischem a, stroke, heart disease,

wo eoosatzhe bowel di sorder, inflammtion, and CRCBUSZINE024673
32. The nethod of claim 29,70wherein the di abetes or
Syndronme X, or 5 associated synptons or conplication
thereof is IDDM 33. The nethod of claim?29, wherein
the di abetes or Syndrone X, or associated synptons or
conplications thereof is NNDDM o 34. The nethod of
claim?29, wherein the di abetes or Syndrone X, or
associ ated synptons or conplications thereof is |IGI or
| FG  gRokel hearteligsabepirritiote bowel disurdeneinflammuatiosi, agd
adm nistering to said subject a jointly effective
anoungatafacss.t hi rd anti di abetic agent. 5 36. The net hod
of claim35, wherein the third antidi abetic agent is
selected from(aa) insulins, ' :0 (bb) insulin
anal ogRieRie fethod okclhinm 29 e wvredreinntheatiabetes os Syadebniel &), or

insulin secretagogues. 37. The, nethod aof i m 29,
wher ea$§qq?ée§|SM %mﬁé’élQQHPE;F?W fhﬂ'ﬁ?‘?ﬁ'?éﬁb "5 an
SA.T inhibitor. 38. The nethod of claim?29, wherein

the glucose reabsorption inhibitor is an SG.T1
i nhi b33 .0Fhe&metdukofrelaimo @9otvhereain the diabetes @i Byndreme X, or

| ucose regbsgorpti i nhi bi t.or,.i S ~ARE DIt
N e e T T R
reabsorption inhibitor is 5 a conpound of Formnul a

(I1'1) or_an optical isomer, enantioner, diastereoner
r acen@é eThe metbedpt claim 29 wherrindbe diabetes or Byredems X, or

form associated symptoms or complications thereof is IGT or IFG.

35. The method of claim 29, further comprising administering to said

subject a jointly effective amount of a third antidiabetic agent.

36. The method of claim 35, wherein the third antidiabetic agent is

selected from

(aa) insulins,
(bb) insulin analogues;
(cc) insulin secretion modulators, and

(dd) insulin secretagogues.

37. The method of claim 29, wherein the glucose reabsorption inhibitor is
an SGLT inhibitor.

38. The method of claim 29, wherein the glucose reabsorption inhibitor is
an SGLT1 inhibitor.



or a pharmaceutical”™ acceptable salt thereof. 41. The
nmet hod of claim 29, wherein the jointly effective

wapwani22eaf an o SAT inhibitor is from about 1BCT/OSH0D024673

ng. 42. The nethod of claim29, wherein the jointly
effective amount of an SGLT inhibitor is an anount
sufficient to reduce the plasnma glucose excursion
following a neal. .5 43. A nethod for inhibiting the
onset of diabetes or Syndrone X, or associ ated
synptons or conplications thereof in a subject, said

t hod i Qi dni ni . 4 ( o
| of #01 Jhbredeqd oEcIaiibad: WPTS d1c,0ease ESpRSTpRoT fibitor i
i nhi béﬁ (§'GLO‘f-2 fnﬂfﬂﬁé'r.a I1); and (b) administering to ,

| (1
said subject a joirntly effective anobunt of a second
anti di abetic agent, 5 said co-admnistration being in

o vt 4 ne ethed of A Rooth e EhicBEE réandtTRliEh fnivitor i
met hog c%fn;fchﬁidrﬁf%rnwb?p% ﬁ@bﬁg@ﬂﬁ%mbﬁ éﬁa?nﬂblrner,

pre-diabetic state to N phar maceuti ca
conpodiastereomenpacsinate ar (Hagpue Mikksd Jwmrpel, @ster, prodrug form,

i nhibitor of f I N tidiabeti
agent ©f ﬁr%‘aémﬁgé\&uﬁ@@}é%(:%éqap& s:’\agﬁ@%?%%{]el clafr |efalrc 5
46. The pharmaceutical conposition of claimd43, 44, or

45, wherein the 3I ucose reabsorption inhibitor is an
SGLT #hhThe mathodof ctaie 29 wheseiadbe iaintlefipeiverarpauiiof an

cl ai , el orption inhibitor

oL LGB b S0
42. The method of claim 29, wherein the jointly effective amount of an
SGLT inhibitor is an amount sufficient to reduce the plasma glucose

excursion following a meal.

43. A method for inhibiting the onset of diabetes or Syndrome X, or
associated symptoms or complications thereof in a subject, said method

comprising

(a) administering to said subject a jointly effective amount of a
glucose reabsorption inhibitor of formula (1ll); and
(b) administering to said subject a jointly effective amount of a second

antidiabetic agent,

said co-administration being in any order and the combined jointly

effective amounts providing the desired prophylactic effect.

44. The method of claim 43, wherein said onset is from pre-diabetic state
to NIDDM.



48. The pharmaceutical conposition of claim43,
wherein the glucose reabsorption inhibitor is an SGT2
WO nbdvshoirez. 5 49. A process for fornul ati ng a PCT/US2004/024673

phar maceuti cal conposition,72conpri sing fornul ating
toget her a gl ucose reabsorption inhibitor, a second
anti di abetic agent, and a pharmaceutically acceptable
carrier. 50. A process for naking a pharnaceutica
conmposition conprising :o0 mXxing one or nore glucose
reabsorption inhibitors in conbination with a second
anti di abetic agent for the preparation of a nedi canent
for treating a condition selected from| DDV N DDV

| GT, | FG obesity, nephropathy, neuropathy, i
r et i népah Pharmaaceytivat cempepition seMpiipdIg @ gzup&spgﬁabsorptlon

o Seatbitor bF R UBfa SrBE Bl Sherlidid 2.,
and cphamegdeutically adcaptabledtatder. i nhi biting the
progression of a prediabetic condition in a subject to

a diabetic condition, conprising(a) admnistering to

sai d ' L Ol t a in th
eabsag plTERnEh it E3mBELtF oF FRA 4 4 T0 RIS WhErein the
adm ngkicesé ngalisorstiordinbibiijoe it am G hinhybitekf ect i ve

anount of an second di abetic agent, said
co-adnministration being in any order and the conbi ned

j oi nt j hdi i |
T, T ST st g

sai d teabgorptam inbibiteTisoan BELT15Bhibites met hod of cl ai m
51 wherein said inhibiting of the progression of a
predi abetic condition is prevention of the progression

of thagprrd Eﬂbﬁhé@elﬁ@_@ﬂbémgﬁsﬂi@n af diarhet3, whepsidi the @lucose
54. The nethod of claimb51l, wherein the glucose

r eabs brghsiosptiaminhiflitop is @13 SELIhipbiler-of formula (111),
optionally having one or nore hydroxyl or
49. A process for formulating a pharmaceutical composition, comprising
formulating together a glucose reabsorption inhibitor, a second

antidiabetic agent, and a pharmaceutically acceptable carrier.

50. A process for making a pharmaceutical composition comprising
mixing one or more glucose reabsorption inhibitors in combination with a
second antidiabetic agent for the preparation of a medicament for treating
a condition selected from IDDM, NIDDM, IGT, IFG, obesity, nephropathy,
neuropathy, retinopathy, atherosclerosis, polycystic ovarian syndrome,
hypertension, ischemia, stroke, heart disease, irritable bowel disorder,

inflammation, and cataracts.

51. A method for inhibiting the progression of a prediabetic condition in a

subject to a diabetic condition, comprising



diol protecting groups, or an optical isomer,
enanti oner, diastereoner, racemate or racemnc

woossoi24est er, prodrug form or a pharnmaceut i Bel/AIS2004/024673
acceptable salt thereof. 73

(a) administering to said subject a jointly effective amount of a
glucose reabsorption inhibitor of formula (1il); and
(b) administering to said subject a jointly effective amount of an

second diabetic agent,

said co-administration being in any order and the combined jointly

effective amounts providing the desired inhibiting effect.
52. The method of claim 51 wherein said condition is IGT or IFG.

53. The method of claim 51 wherein said inhibiting of the progression of a
prediabetic condition is prevention of the progression of the prediabetic

condition to a diabetic condition.

54. The method of claim 51, wherein the glucose reabsorption inhibitor is
a compound of formula (ill), optionally having one or more hydroxyl or
diol protecting groups, or an optical isomer, enantiomer, diastereomer,
racemate or racemic mixture,ester, prodrug form, or a pharmaceutically

acceptable salt thereof.



